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PREFACE TO THIRD EDITION 

The :ieronautical chtirts of the United States Coast a i d  Geodetic 
, because of the projectioii upon which they are constructed, 

The Rdvan- 
tages which they afford were not generally nnderstood, and tlie pur- 
pose of this book has been to en:ilrle pilots to  n ~ k e  fill1 and efficient 
use of these charts. 

The first edition was uite brief. The second edition W R S  con- 
siderably expanded, :in! c1i:ipters oil celestial navigation and 
meteorology were added. In tlie present edition the eiit ire work 
has been brought abreast of recent clerelopments as far as possible. 
The chapter on meteorology 1i:is been soiuewlittt expanded in order 
to meet tlie needs of the private flying 1)ropr:iiii of tlie Civil 
Aeronautics Au tliori ty .  

The first two editions were very faroixbly received. :tiid it i s  
hoped that this third edition may :ilso contribute something to the 
development of practical air utivigatioii. 

for very siniple methods of a i r  navigation. 
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PRACTICAL AIR NAVIGATION 

INTRODUCTION 

The Air Coinnierce Act of 1926 j)rovided for the charting of air- 
\vags and the publication of aviatioii iiiaps neceswry for safety in 
flying and for the further development of air transpoitation. At 
that time there were 110 suitable inaps of the country as a whole, nor 
even niaps which could seiw i i s  a n  adequate bnse for the addition of 
:teroiiautical dtita. A new type of imp, especially designed to meet 
the needs of a new iiitlustry, was urgently required, niid the technical 
work of investjgtitiiig this field, and of compili~ig and publishing the 
new inups of the airways WIS assigiied to the United States Coast and 
Geodetic Survey of the Department of Coiiiiiierce, \vitli instructions 
”to provide as adequnte charts for wir navigation iis it iiow provides 
for ocean naviggatioii.” 

111 order to satisfy the most inmediate a i d  pressing clenitqids, the 
first iiiaps published for this purpose by the Cow, und Geodetic 
Snrvey were strip niaps of the priiicipd airways. However, it WHS 
realized that strip mups could not long meet the need, and in Decem- 
her 19.30 an experiniental edition of tlie first hectioiial nirwty inap 
was published. 

Altl~ougli these etirly m t t p  were very favorably recei,vedj they were 
little inore than topographic imps sho\~iiiq the characteristic details 
of the terrain. Nany experiments h i v e  since been made, resulting 
in a number of changes aiid iniprovenients. With the development 
of more adviiiiced iiietliods of navigation, features that once were 
considered esseiitinl were replaced by others of gi-etiter relative impor- 
tance. Certain items which should be iiiulided in R topographic 
map are now oiiiittetl in order not to obscure details of inope impor- 
tance to the nitvigntor ; otlier fetktures tire exaggerated be oiid topo- 
graphic justificntioii, hecttuse of their lanrliiinrk value. $ hus, with 
the addition of the system of highly developed aids to navigation, the 
nirivsy mttps gr;~du:~IIy i1~~~111etl the clit~ructer of tlie nnntical charts 
SO esseiitial for safety a t  sea, :ilitI the desigiitLtion of these highly spe- 
cialized publications w s  changed to aeronauticd charts. 

The aeronauticnl chwt ci\llliot yet be coiisideretl as 1m.ving reticlid 
its final fo rm Changing conditions of flight (such AS higher speeds. 
longer flights, aiid higher altitudes) are fairly certain to result in  
chnnged methods of navigation, and further chaii es and iinprove- 

keep pace with these advances, but should anticipnte them. 
Maps in general niay be thought of ns coiitaiiiing information 

which is subject to conipamtively little change, even over a consider- 
able period. By way of contm~st, the tiero11:iuticd charts includo 
2S,OOo niiles of nirways equipped with bencoii lights, radio ritnges, 

ments in the ~ l i ~ r t s  mill be required. The chnrt s a ould not nierely 
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teltIty1w swvice, :d other related features. (See frontispiece.) 
OVCI' sric.11 : l i t  extensive systeiii it is obvious that niaiiy changes must 
O C W l ' ;  tiew airwiys :ire being established :id old routes rebuilt for 
more dficit:ii! operatioti : iniprovecl equipiiient is being installed, niid 
:lids are e\wi being provided for the Iiavipatioii of air routes across 
the oce:iiis. 'I'he fryiieiit correction of these cliarts to show the 
chttiiges :is they occui* is a most import:iiit function of the Gover~i- 
rrient, :iiid is irnpmtive for safety in all forms of air transportation. 

The fol lowin :ieronantic:il charts :ire now being published by the 
Coast and G:twc f etic Surrey : 

Sectional charts, of the entire t'nited States, in 87 sheets, :It :I settle of 
3 : 50 ,000 ,  or about 8 miles to the iiich (fig. 1). 

Regional charts,' to corer the whole country, in 17 sheets. at R scale of 
1 : 1,ooO,oo(~, or tlboiit 16 iiiiles to the inch (flg. 2 ) .  

Radio direction finding charta, of the entire V'nited States, in 6 sheets, at  :I 
scale of 1 : 2,OOO,WO, or ahout :% iiiileri to the iiich (fie;. 3). 

Aeronautical Planning Chart of the rnited States (chart No. 3 W n \ .  at a 
scale of 1 : 6,0OO,OOO, or tibout 80 miles to the iiwh. 

Great-Circle Chart of the United States (chart No. 3074), n t  approxiuiately 
the Hame swle as chnrt No. R06Clu. 

Magnetic Chart of the united Stiites (chart No. 307i), showing lilies of e q r i ~ l  
mrrgrietic vnrititlon, at n smle of a~)prouinmtely 1 : S,T~,(K)o. or ahorit 115 miles 
to the iricli. 

'J'Ii(~ wctioiiai ch:irte :ire entirely siiitable f ( ~ i *  till for111s of 1iitvir 
g:rtioti, but are intended priniarily for use i t i  piloting. 

'I'he regional charts :ire desi w e d  1mrticul:irly for air navigation, 
i ls contrasted with pilotiiig. Tkey are iiiore c6nrenient than the sec- 
tiorui1 chiirts for coinpar:itirely long flights, with faster phnes, sillre 
pilots do not need to c1i:iiige clitirts :IS ofteii while in tlie air. They 
are also convenient for phiitiiiig routes which extend beyond the 
Iiniits of :t section:iI chart, oiie regioiiiil c1i:irt often covering a route 
which would require two or t h e e  sectioiial cliarts. 

T3ecauw of the larger scale :tiid the inore cotiiplc-te itiforinntion of 
the sectioiial charts they :ire IiecessarT supplements to the regional 
series. They will :rl\vays be required for detiiiled htudies of an area, 
i t i i t f  sh~iild geiiernlly be used wheiierei* piIoti!ig is employed. Most 
of 1 lie I>indiiiwk clatit :ippe:wiiig on tlie sectioiiai cliiirts httre been 
(IIirrririatetl ftwm the regioiial c1i:irts. since, for their inteiitled purpose, 
clarity is mort: essenti:il than conipleteness of detail. 

The nidio direction fiiicliiig charts l ~ r e  heen designed especially 
for use iri the plotting of r:idio bearings. Their snialler scale and 
wit1t.r extent rnttke it possible to plot bearings froin r:idio stations 
that would frequently be outside the limits of the loc:11 chart \$rhea 
using either of the larger-scale series. 

'rhe Aw()tiaiitic:il PIii~i~ii~ig C1iai-t of the 1'rlitt.d States i4 very use- 
ful iri  pli inii i i ig routes between distaut points, \rhile the Great-Circle 
('tltirt d\ows thp shortest roiltr \)et\veeli :IIIT t\vo I)liic.es. The special 
I I S ~ S  of these two cIi:trts : l i p  described itlid collil):\i-e(l iiiore fully on 
J):igW % : i ~ i d  89. 

A\ li*t 01 rliose atnilable may 
1 ~ 4 ,  o t j t # i i  twcl I))  titi(trew1iig t t w  Director, I . .  s C'naxt iind i:twttetir surtey, WeNhinClton, I). C. 

'sot 1111 t111 -  wKionwl c.ti5irt.i hritr t~eeri ~ , l l l J l i S h P d  IIX vet  





FIGURE 2.-Indcr of regional aeronautical charts. 





Chapter 1.-CHART READING 
THE IMPORTANCE OF CHART READING 

An aeronautical chart is a snitill-scale representation of a portion of 
the earth and its culture, presenting to the trained eye a description 
of the charted region more newly perfect than coulcl be obtained from 
the pages of a book. I t  depicts the lanclniarks and other information 
found of value by plots long f:iniili:ir with tlie region. Consequently, 
tiny time spent in earning to read and interpret its detailed inforiiia- 
tion will be well repaid; that this is beginning to be apprecitited is 
evidenced by the growing clemand for these charts. 
In charting the details of tlie terrain :ind the system of aids to nnvi- 

gation, many conrentioii:il synibols are eiiiployed. Some of these 
have been in use for many years. :ind their significance is generally 
understood ; others hnre been tidoptecl niore recently, and therefore 
are not as well known. Tlie following description of these symbols 
:ind their significance has been prep:ired as an aid to chart reading. 
I t  applies qriiiiarily to tlie sectional charts, since the scale of that 
series perinits the charting of fnirlp complete information. On the 
smaller scale charts mrinp details must be omikted. but with few es- 
ce )tioils those that can b included are sho\vn by the mine symbols. 

h i e  features sliown oil these charts may be divided into two groups : 
1. Those necessary to a c lwr nnd :icwratr tolwmiphic reprrsrntntion of tht. 

2. Aeronantic:il dicta niid iiifor1n:itioii of iiitrrt-t chirfly for air iirivigiitioti. 

The topographic feiitures 111:~s in turn be subdivided into three 

Water, includiiip streanis, hkes.  cands, swamps, and other 1mdit.s 

Culture, such :is towns, cities, roacls, railroads, and other works of 

Relief, including nwiiiit:iins, hills, wlleys, arid 0 t h  illequalities 

regiori. 

groups : 

of water. 

ni:~n. 

of the land surface. 
WATER FEATURES 

[See fig. 4 1  

Water features :ire represented on the :ieron:intical clitirts in blue, 
the siiialler streairis aud c:iiinls by single blue lines, tlie larger strenitis 
aiicl other bodies of water by blue tilit within the solid blue lines 
outlining their extent. 

Intermittent streairis :ire slioirn by a series of long dashes sepanited 
by groups of three dots. suggesting the scattered pools into which the 
cliniiiiislied streanis sink dt~riiig the dry season. 
In termittent lakes and poiids are sliown with broken shore line and 

cross-ruling in blue. 
I n  soine sections of tlie country, the beds of dry lakes aiid polids are 

conspicuous lnndniarks. Smh features are indicated by brown dots 
within tlie broken “shore line” of blue. 

6 
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Marsh areas are shown by horizontal blue lines, with scattered 

groups of short vertical dashes suggesting the cluiiips of marsh grass 
common in such areas. 

Glaciers are indicated by blue shading, representing the form lines 
of tlie glacial area, superimposed on the coiire~itioiial brown. 

Glacier on 
contouted peak _ _ _ _ _ _ _ _ _ _ _  Intermittent lake..- ____. - 

PIGURB .I.--\Vater fentures. 

CULTURAL FEATURES 
[See figs. 5'mid SI 

Culturd features are generally inrlicntecl in black. Towns with a 
population of less than 1,000 are indicated by a coiiventioiial black 
circle. Towns having a population between 1,000 and S , W  are 
showii by a yellow s tiare outlined by purple, while the actual '&apes 

Rai tmds  tire represented by fairly heavy black lines with crossties 
at 5-mile intervals. electric railways (trolleys) by lighter black lines 

of lar er cities are s 'f iown in yellow within a purple outline. 

(less then 1,ooO _____. 0 fone track. -. ...- 

Cities and towns .I 1,000 to 5,000 .___..a 
twoor ' 

more tracks - -- I 
more than 5,OOO.. L] 

(actual ahwd 

Prominent highwiy - - - ~. - 

Secondary highway --...-. 

with crossties at 21/2-inile intervals. $Thus, when the route ptlmllels a 
railroad or electric milway, the s m 4 n g  of crossties provides a con- 

Single-track railroads are sliomii with. single crossties, while for 
railroads of two or more tracks the crosstles are in palk's. 

Eveii if n railroad has been abandoned or torn UP, the old roadbed 
is soirietinies 8 proininent feature from tlie air; when this is the case, 
it is indicated on the din& by a broken blnck line. 

Tuiiiiels are indicated not only because they serve as landmarks, 
but also because they are a eource of potentla1 danger. I f  a pilot 
is followiiig 1% railroad through territory with which he is not familiar, 
and the railroad enters tt tunnel, he may find himself suddenly con- 
fronted by a mountnin side, without sdkient  space either to turn 

venient check on ground speed an h distance covered. 
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or to climb above it. ‘Illis difficulty is wldom eiicomiterecl in tlie 
case of highways, but any highway tunnels :ire shown by the same 
symbol. 

Prominent highways are indicated by a heavy purple liile, sec- 
ondary highwayB by lighter lines in purple. I n  a few instances ver 
poor roads are charted becarise of iuinsnal 1:tnclmark value, and suc 
roads are shown by 8 broken purple line (the conventioiial syiiibol for 

“Prominent highways” and “seconclary highways” must be under- 
stood as only relative terms. In  some of the thinly settled wa@erki 
districts, roads are so few that practically all of them are shown; 
the most important through highway niay be . only a well-graded 
dirt or gravel road, yet it is so prominent in its own vicinitv that it is 
charted with a heavy line. On the other hand, in the thickly settled 
eastern sections there are so many roads tlmt it is impossible even to 
include all the highly improved roads. The treatment of highways, 
then, varies with the region under consideration. but in each case an 
attempt is made to delifieate the distinctive road pattern as i t  would 
be seen from the air. 

Race tracks are prominent landmarks, aiid whenever possible their 
characteristic oval shapes :ire indicated in black. I n  congested areas 

hy 
a trail). -‘< 1 

Race ttaCk. -. __. -. - - ._ - Forest ranger station-. - .) _ _  _.__ .f 
Promimnt 
transrnirrion line _.__ - - -.-T- Quarry or nline.. _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  fl 

Coast Guard station. _ _ _ _ _ _ _ _ _ _  + U S 2 6  

Lookout tower. - - - - - - _ _  - - -.@24 Mi%. landmark _ _ _ _ _ _ _ _  
FIG[ HE tj.--(*ultuml featkirva ( l t indi i fairks) .  

where the actual shape caneot be shown, the location is sometimes 
indicated by a heavy dot, and the words “Race Track,’’ or t.he letters 
“R. T.” are printed in the nearest open space, with ~i arrow leading 
to the dot. 

Prominent transmission lines :ire s h o ~ l i  by a symbol representing 
the poles, or towers, with wires between. These lines may be con- 
sidered either as landmarks or as obstructions, and because of their 
importance to air traffic they are s l~owl~ in red (fig. 13). Usually, ody  
steel tower lines are shown on the neronauticai charts, but occasionally 
pole lines are shown, if they are particularly prominent when viewed 
from the air. 

Lookout towers in the state and national forests are located on 
the highest ground in the vicinity, and are usually quite prominent. 
In some cases they have been airmarked with n number, and t h m  
iiumbers appear on the chart adjacent to the symbols, in vertical 
black figures. Elevations o€ t8he ground at the towers are ndded in 
black italics. 

Forest ranger stations are shown by small symbols suggestive of the 
ranger station and its flag. 

A quarry, or a mine, is represented by a symbol suggesting tlie pick 
and hammer of the miner. 
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A Coast Guard station is indicated by :I small black “boat))) acconi- 

panied by the number with which it h:is been ninrked for iclentifica- 
tion from the air. 

I n  addition to the foregoing, there are in imny localities :I niunber 
of unclassified distinctive lnndinrirks which .are of reat tissistance in 
identifyin position. These are usually indicatec f on the sectional 

I t  should be understood that, even on the larger-scale charts, cer- 
tain features must be esavgerated in size. For example, if a promi- 
miit hi hway is rneasurecrbv the scale of statute miles on a sectional 

exaggeration is necessary for the sake of clarity and emphasis. 
Again, in a narrow canyon it may be required to show a stream with 
n ridroad on one side :inel a highway on the other. On the ground 
the three featnres nmg occupy t i  spice no inore than 75 feet in width, 
vet on the rhnrt, showing the three synibols as close together ns pos- 
sible, they appear to occupy about 2,000 feet. Or, in the case of 
water features, a lake 300 feet wide and 2,000 feet loiig inay be $111 out- 
st:inding landmark; at the actual scale of the chart 300 feet woulcl 
be reduced to a fine single line; it must be exaggnrnted in widt.h 
enough to show a sniall area of blue tint betwerit two limiting shore 
lines of solid blue, and in length enough to preserve in a eneral may, 
at least, the shape of the lake. Whenever possible, sym i? 01s are cen- 
tered on their true locations and exaggerated only as much as niay 
be essential to a clear represent a t’ 1011. 

RELIEF 

charts wit B 1 n dot and descriptive note. 

c h ~ r t ,  t % e highway sppenrgto be about 650 feet in sidth,  but this 

[See fig. 71 

Relief is shown by contour lines in bron-11, and is emphasized by 
:I series of gradient tints ranging froni green at sea lerel to H d~rk 
brow11 :Ihore 9.000 feet. 

with elevation-. - - - _  - - 
Hachured peak Mountain pass 
with elevation 

...- 
Sand dunes _ _ _ _ _ _ _ _ _ _ _  * .  3-foot depth curve--- --;-. . *....** .. . .  

....e 

GRADIENT OF ELEVATIONS 
0 s o 0 0  ? O O O  9000 M A X I M U M  1000 2 0 0 0  3000 

I I OREEN 1 LIGHT I PALL 1 LIGHT I MEDIUM 1 DEEP I G\KN 1‘ GREEN BROWN BROWN BROWN BROWN 

I I I I .  I I I :, I 
I.”c.r I I P  7.-ItrlJef (elerfttlon). 

Some prominent pedts, or steep cliffs, qre also accentnnted by 

Many other critical elevritioi!s-moliiitaill passes nnd high points- 
The 

hachuring, or shading, with the elevations in blnck italic figures. 

nre slio~vn on the charts with a dot to designate the location. 
elevations of ti 1111mht.r of cities anel towns are also shown. 

1 o“o15 -3o---2 
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A contour represent,s an imaginary line on the ground, every 
point of which is at t,he same height above sea level, and the varied 
curves of the contour show the ridges, vdleys, canyons, bluffs, and 
other details. With a little practice, one may reacl from the contours 
not only the elevations, but also the slinpe of the terrain, as easily 
as from a relief ma and much more accurately. 

xith the surface of the terrain. gurs.. 8 represents 
a pile of sand from the nearer side of which sand has been carried 
a.way until a “valley” has been fornied. The top of the sand pile 
is 5 feet above the pavement, and an imaginary plane is passed 
through the pile at  a height of 2 feet. In the lower part of the 

H h l y  contour is t P le intersection of an imagiiiar horizontal plane 
To illustri~te, 

. .  
FIQURD S.--Contour~ illuatratetl I i 3 .  R .rand pile. 

fi ire is shown the “contour,” or the trace of the intersection of the 
p nne with the sand. The trace of the lower ed e of the pile‘ of 
sand on the pavement may be considered as the “S ore line,” or’the 
line of zero altitude. 

I f  it  were rainin water morild flow down the’“val1ey” in the 

“stream.” Thus we see that when contours C ~ O S S  a stream they 
bend toward the source of the stream which is, of course, on higher 
round ; conversely, when crossing a ridge the coiitours bend awl$ 

from the higher ground. 
In figure 9 the curves at  V ,  V ,  V, represent valleys of varying 

width and de th, while R, R, R, represent ridges or hills. 
One way o f  visualizing more ~eadi ly  the sigiiificnnce of the con- 

tours is to think of them as successive shore lines if the Sea should 
rise to the levels indicated by the respective contours. The liiie of 

1 ff 

direction iildicated % y the arrow,. which may be considered as a 
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the seacoast itself is a contour, every point thereon having the same 
altitude (zero) with respect to mean high wnter. Any valleys run- 
niiig down to the shore line are represented by a curve or indenta- 
tion landward; any ridges result in a curve seaward (fig. 10). Now 
if the sea should rise 1.000 feet, the 1,000-foot contour \~oixld be- 
come the shore line: valleys would still be indicated by a curve 
toward the higher ground (which could now be called “landw~rd”) , 
:uid ridges wonld be indicated by a curve toward the lower ground 
(“seaward”). 

If a cliff should rise almost vertically above the shore line for 1.000 
feet, the 1,000-foot contour would appear on the chart very close 
to the shore. When the terrain sfo ,es eiitly up\\*tird from the 

contour lines that are far spirt on the chart indicate a gentle slope. 
while lines that are close together indicate n steep slope ; contours 
that run together indicate R cliff. 

The manner in which cotitoiirs express altitude. fonn, ttnd degree 
of slope is shown in figure 11. The sketch in the iipper art of the 
figure represents a river valley that lies between two hi K s. In  the 
foreground is the seR. with :I hay that is partly enclosed by a hooked 

coast, the 1,000-foot contour is a coiisi .d erab 7 e distance inland. Thus, 

sand bar. On each side of the d l e y  is ti terrae! into ivhich small 
stretiins have cut narrow gullies. The hill on the rlght has t i  rounded 
summit and gently sloping spurs separated by mrines. The spurs 
are cut off sharply nt theiy lower ends by n sea cliff. The hill at the 
left. terminates abriiptlv at the rallev in a steep and almost vertical 
bluff, from which it dopes gradually tiway and forms :in inclined 
tableland that is traversed by a few shallow gullies. In the lower 
pirt of the figure. ench of these featnres is represented. directly 
beneath its position in the sketch, by contour lines. 
In figore 11 the contours represent successive differences in elevn - 

tion of 20 feet-that is, the “contour interval” is 20 feet. For the 
sectional and regional aeronautical charts R cont.our interval of 
1,000 feet has been adopted. 
In order to maintain a safe flying nltitude, unless the elevation of 

the to of a ridge or peak is pven in fignres, it should be assumed 
that t hp e elevation is t i  full thousand feet above the highest contour 
shown. For exrtmple, the highest charted cmtoiir dong a ridqe may 
be only 2,000 feet, yet the ridge may be topped by minor summits ris- 

1 On n few of thr  chart^, b ~ ~ f l ~ l N ~  of onnsual local conditlons, intermrdlate contours at  
300-foot intervflh nre shown. 
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in& to 2,800 feet or more. Assuming trees approximately 100 feet in 
height, the extreme elevation of the ridge niay be almost 3,0oO feet, 
et the addition of the 32000-foot contour IS not wnrranted. It should k noted that the gradient tint usecl in this case (pale brown, see 

fig. 7)., indicates not merely an elevation of 2,000 feet, but includes anx 
elevation short of 3,000 feet. Unless absolute1 certain of their posi- 

safe margin above the highest ground in the entire region. 
The %foot cleptli cnrve, in water areas (fig. 7 ) ,  may be thought of 

as an under-water contour, and every point dong the curve is 3 feet 

tion, whenever visibility is poor, pilots shoulc 9 be careful to fly at  a 

PICURE 11 .-.UItnde, furiii, aiid slopr rilnwfjeed by contours. 

below low mater. It is shown by a row of black dots, and serves as a 
sort of danger line within which seaplanes should not attempt to 
land. Three feet of water is not sufficient for lar e flying boats, and 

Sand and sand dunes are indicated by brown dots (fig. 7). 
-411 the foregoing features are combined by the cartographer in 

such a manner as to reproduce the characteristic details of the region 
accurately, but without confusion. Then to this basic topographic 
representation are added those features of special interest for air 
navigation. 

on new editions the %foot curve is being replace 2 by a 6-foot curve. 
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AERONAUTICAL INFORMATION 
[See Ags. 12 and 131 

Aeronautical information and features of interest chiefly for air 
ni~rigtr:~tion-such as airports, beacon lights, radio ranges, radio call 
letters and identification signals-are ordiiiarily shown in red.z 
These data are subject to constant change, and. it is well to reinember 
that charts are safe oiily as long as their ditta are correct. The 
eIiminntion of certain airports, with changes in beticon lights or 
r:idio aids to navigation, makes the use of an obsolete chart as 
dangerous in the air  as ?t sea. For this reason, new editions are 
frequently printed, showing the latest information available, with 
the date of the edition printed in red in tlie lower left corner of each 
clia1.t. 

The same date also appenrs in sninll red italic figures, immediately 
under the black border in the same corner, this being known as the 
“print date.” When the chart is printed again, if only niinor cliaiiges 
are made the edition date (in large type) is not chnnged, but q second 
print date is added, nnd so on. The tteronnutical information may 
therefore be considered as corrected for reports received to the latest 

@ Army, Navy or Marine Corpr Fleld. - -. Seaplane base - - _ _ _  - -- .__ - ____-  _. 
(wth ramp. bCDCh and handline facilibcs) * 

b 

Anchorage - - - - - - - - - - - - - - - - - - - - - 

Anchorage - - -, - - - - - __ - _ _  - - - 
Q 
0 (with limitdd f 8 C t I ~ t ~ e I I  

(wlh refuelin# ana usual harbor Iac~Ioties) 
Commercial or Municipal Airport - - - - - 

Dept. of Commerce Intermediate Refd 

Marked Auxiliary Field-. -. - - - _ _  _ _  . . Mooring mast. - _ _  ______________.  r 3. 
VIGITHE I%.-Airlwrt rlnasiflcation. 

priiit, date indicated. Whenever mi extensive revision is niade. :dl 
previous dates are removed, aiid :i “new edition” is issued, with new 
rditioii dab and new print date. The pilot’s own interests aiid the 
safety of the public make it imperative that obsolete charts be dis- 
carded and re >lRced by new editions as they are issued, 

listed in the Air Commerce Bulletin (which is published month J by 
the Civil Aeronautics Antbority, nt fifty cents a year), and in the 
weekly Notices to Airmeii (which are josted at principal airports). 

affected. Even then, whenever possible, he slionlcl obttiiii local in- 
forination ns to the continued availability of facilities sliown upon 
the chart. 

Airports are classified ~ L S  to their operation (whether coniniercitd, 
municipal, Army, etc.) , aiid are sliowii in accordnn:e mtli tlie accom- 
panying legend (fig. 12). It is important, to coiisider the cfassificn- 
tion of a field before landing, as frequently civilians cannot obtztin 
SII plies or service at an Army or Navy field. 

k i t h  the growth of international air traffic, inforiliation regarding 
airports of entry (custoiiis airports) is becoming increasingly iiiipo~- 
trlnt. Accordingly, when nn airport has been designated BS :i port of 

pYe 

A pilot should note such changes on t iis own copies of the chnrts 

Airport and airway changes subsequent to the dttte of prhitiii 

2 On the radio dtrertion flndinp vhnrts tliew fentiires are shown in black. 
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entry, this fact is noted near the airport name. 
air orts of entr is included in the A peiiclix (p. 178). 

numerals adjacent to the airport. 
The letters LF adjacent to 911 airport symbol indicate that the field 

is equipped with lighting facilities for lttncling at night. Sometimes 
these facilities are operated only at certain hours, or on request. The 
same is true of certain other beacon lights and aids, and for complete 
information on these points pilots should refer to Aeronautics 
Bulletin No. 11, or obtain local information.. 

rotating beacon is indicated by a star with open center. Arrows 
in conjunction with the beacon symbol indicate that the beacon is 
equipped with course lights, and show the direction in which the are 

ointed. Adjacent to the symbol are placed the number oi! the 
geacon, and the corres oiiding code signal which is flashed by the 

at the beacon, the site number is a so painted on the shed roof for 
da light identification. 

%he number of any intermediate field or beacon is obtained by 
drop in the fina.1 di it, of the mileage from the origin of the airway 
on w ic it is locate . For example, beacon No. 19 on an airway 
is approximately 190 miles from the origin of the airway. T e course 
lights flash the code for  only the last figure of the beacon number, 
the code signals being the same for beacons ntqberecl 9, 19, 29, etc. 
Beacons having the same signal are approximately 100 miles apart, 
and a pilot should know on which 100-mile section of the airway he 
is flying. For convenient identification, the code used along the 
airways is shown in table 7, ptige 178. 

At  some places the rotating beacon is supl~leinented by an auxiliary 
beacon which flashes an identifying code si nnl. In  this case, rays 
are added to the rotating beacon symbol an3  the code signal flashed 
by the auxiliary beacon is 

A flashing beacon, or ot e r  nonrotating acon, is indicated by a 
solid star, smaller than the rotating h a c  symbol; for a beacon 
flashing in code, rays are added around the star. 

I f  an airport is equipped~with beacon light, the proper beacon sym- 
bol is placed in the center of the air ort symbol. 

be noted that a powerful li ht  of this kind is often inconspicuous 

benefit of surface navigation. 
A landmark beacon, o erated by private interests or by a commer- 

of airmen, is represented by the proper beacon symbol (rotatirig or 
flashing), as described above. As a rule these beacons are located 
neither pn an established air route nor at an airport, but they serve 
to identify a point. from which a pilot may proceed to his destination. 
A rotating landmark beacon usually rotates at two revolutions per 
minute, in order to distinguish it from an airway beacon, which 
makes six revolutions per minute. An arrow in conjunction with this 
symbol indicates that the beacon is equipped with a course light; 

A complete list of 

$levations o f  airports above sea P eve1 are indicated by slanting 

f course lights for identi tY cation at ni ht. When there is a power shed 

K K. a 8 

Paced nearby. 

B light for marine navigation is s K own by n large dot. It should 

from the air, because its lig f i  t is directed along the surface, for the 

cia1 establishment for a cf vertising purposes 8s wkll 'ELS for. tide ben'efit 

a Formerly this feature was indicated by a heavy asterisk, and Is still $0 reprefleilled on 
some of the charts. 
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on the chart the arrow is placed so that it points to the airport to- 
ward which the course liplit is directed. 

Air space reservations aiid danger areas are indicated by prominent 
cross ruling and appropriate notes. The former ’have been desig- 
nated by Execntme order, and may not be flown over at any altitude. 
Danger areas are shown by request of the Ariiiy and Nary, and should 
not be flown over at altitudes below 5,000 feet. 

High explosive :ireas should not be flown over except at such d t i -  
tude as to permit landin outside the area in case ‘of complete power 

areas are ground-marked with the sWme syinbol used on the charts. 
Flying is also prohibited in other limited areas for special reasons- 

for esnmple, in the vicinity of the White House and Capitol, in 1V:ish- 

failure-in no case less t F 12111 1,ooc) feet above the ground. “Marked” 

(344.7.1 ‘r 
-- 

Rotating beacon __._____________ * Radio marker beacon ---------, I* .\ 

(with frequency and 
identification stgnal) 

Rotating beacon _________.___ &+ ‘--,’ 
I------ (with course Iiahls) 

Rotating beacon _._____________ 4 Fan marker beacon ._ - - - - z:I - _ _  _ _  2 *-*’ 
(with flashing code beacon) (with identificalloir signal) 

Flashing beacon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  * 
Flashing code beacon. _ _ _ _ _ _ _ _ _  

Radio station _ _ _ _ _ _ _ _ _ _ _ _ _  
(with call letleis and frequency, 

Radio direction 
finder station _ _ _ _ _ _ _ _  ORC [=I 

(with call letters and 
frequency) 

(with lrequencv and 
Marine navigational light _ _ _ _ _ _ _  0 Marine radiobeacon _ _ _ _  0 R Bn 

identification signal) 

-270” 90”- 

Bearings are magnetic a t  the station 

Danger area _____________. / 
Airspace reservation or 

Obstruction _ _ _ _ _  - _ _ _  _ _ _ _ _  - -. - _ A  
Prominent 

(marked-- -H&x transmcssion line.-_ -_~--r----r- 

(with height above giound in feet) 366 f!z%iB 

i s  unmarked--. 

High explosive area Lines of equal 
magnetic variation-_--- - - - t 7”E 

IQ(:UBE 13. ArrollalltlcrIl clf1t:l I Ul lhCr l lHl lw11S  J . 

ington. I n  such localities the charts are already too congested to 
indicate the restricted :ireti. :incl pilots should keep infonned of such 
irrittters through the Air Co~iinierce Bulletin, Notice to Airinen. Civil 
.\ir Repulatioiis, and through local sources. 

Isolated obstructions am shown its indicated in the f ipre .  together 
with nuniemls indicating the height of the obstructlon above the 
ground, in feet. The center of the symbol niarks tlie location of tlie 
obdruct ion. 

A radio range station is indicated by a dot within a sinnll circle, and 
the positions of the range courses are shown by a pink tint. Magn&ic 
bearings toward or away from the station are indicated, and lmge 
letters mark the A and N quadrants of the system. Smaller letters 
are placed adjacent to and new the end of nimy of the range C O I I ~ S ~ ~ ,  
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to avoid any confusion as to quaclraiit designation. The method of 
flying the radio ranges is treated in detail in a later section (pp. 

A radio marker beacon is indicated by a broken circle around the 
location of the station. The fan-type niarker beacons (see p. 64) 
are shown by a broken ellipse, suggesting the space pattern o these 
stations. 

Weather broadcast schedules. as well as the call letters i~lld identi- 
fying signals of the various radio stations, are shown adjacent to the 
airports to which they apply. 

A number of commercial brondcnsting stations are shown on the 
charts. Originally, they were incl~tded chiefly because of their danger 

52-75). 

as obstructions ; with the development of the aircraft d i o  compass, 
however, these stations have also become of navigational importance. 
Radio stations suitable for this purpose are shown by the conventional 
circle-and-dot symbol, the initials RS, and the fre uency. Stations 
operating a t  less than 500 watts me not charted. 3 or stations with 
power between 500 and 1,000 watts, the power is indicated on the 
chart as some uide to the distance at which satisfactory reception 

omitted. 
may be especte 5 . For stations of one kilowatt or more, the power is 
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Kadio direction finder stations are seldoni nsed bv aircraft, today. 

However, these stations are indicated by a circle-and-dot symbol and 
the initials RG (from their former c1esign:ition :is “Radio Compass’’ 
stations). Marine radio beacon stations are indicated by the sanie 
symbol and the initials R Biz. 

Places at  which the ma netic variation is the same in direction and 
magnitude, are connectef on the charts by broken lines known as 
lines of equal magnetic variation, or isogoiiic lines. The anlount and 
direction of variation are also shown. 

Compass roses (fig. 14), oriented to true north, are printed 011 tlie 
sectional and regional charts. I f  a protractor is not available, these 
roses may be used for the approximate measurement of courses and 
bearings. Because of the convergence of meridians in the Lambert 
projection, some inaccuracy is introduced if n compass rose is used for 
the measurement of direction at a point, more than 1” or 2” of Ion i- 
tude away. Therefore, compass roses are printed at  intervals su %i - 
ciently close that courses may be measured from theni with practical 
accuracy, and one is usually available no matter how the chart is 
folded. On some charts, the direction and amount of magnetic 
variation are represented on the compass roses, in addition to their 
representation by isogonic lines. 

Specially designed compass roses fig. 15), oriented to magnetic 
north. are used on the radio direction f i  nding charts. These roses are 
graduated to read both from 
iiiagnetic south and from mag- 
netic north. The outer fig- 
ures are ordinarily umd, and 
:ire therefore larger; they are 
intended for use in 
I*eciprocal beaFings (t, e rad10 
compass bearing observed at 
the plane plus or minus 180” ) , 
:tiid for that reason rend from 

etic south. For cer- 
(’ t:iin at Inar ot er problems a rose 
reading from 0 at magnetic 
north is more convenient, and 
for such problems the inner 
(smaller) f i  U ~ A S  a r e  alse 
available. Tfese roses should 
not be confused with the con- 
rentional compass roses ap- 
pearing on the sectional and 

E’” 

iegionil charts, nor used in. 
tlie same manner; their special use is explained in detail 011 pages 
69 :tiid 70. 

f ,  PROJECTION AND SCALES 
All aeronautical charts of the United States Coast and Geodetic 

Sucvey are on the Lambert conformal projection, which affords 
many advantages for air navigation in the United States. I n  this 
projection, variations in scale are extremely small ; therefore, in the 

‘ M\cv?pt the Ureat-(‘irclv (‘linrt ( S o  3074). and the itingnetic rhnrt (No. :W77). 
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borders of these charts there are conveniently graduated scales of 
statute miles by means of which distances may be scaled anywhere 
on the chart with a high degree of accuracy. 

There are slight variations in scale between adjacent charts to the 
north or south, as may be seen from the scale of statute miles on chart 
So.  3060a; however, as already stated, this difference in scale is so 

any particular chart is the average scale for that chart, but it coul 9 be 
slight as to be negligible in practice. The scale of miles appearin 

used even on the adjoining charts with very satisfactory results. 
The expressions 1 : 500,000 and 1 : 1,000,000, used to denote the scale 

of a chart, are read as “one to five hundred thousand’’ and “one to one 
million.” They represent the proportion existing between the chart 
and the portion of the earth represented thereon. Thus, in the first 
case, 1 inch on the chart represents 500,000 inches on the ground; 
similarly, any other unit, as 1 foot, 1 yard, or 1 centimeter, represents 
500,000 of the same units on the ground. Such a proportion is some- 
times written as a fraction, as 37iu,\T,o, and is occasionally referred to 
as the fractional scale, or representative fraction of the chart to 
which it applies. 

I n  the margins of the sectional charts (1 : 500,000) there are scales 
subdivided into minutes of latitude, and into niinutes of longitude. 
These scales are convenient for plotting points when their geographic 
coordinates (latitude and longitude) are known, or for determining 
the geographic coordinates of points from their positions on the. 
charts. Their use is discussed in a later section (p. 154). On some 
charts the meridians and parallels have been subdivided into minutes 
of latitude and Ion itude: i n  this c a s ,  of course, the marginal scales 
are unnecessary an 3 haT-e been omitted. 

Entirely around each of the regional charts (1 : 1,000,000) are 
border scales subdivided into minutes of latitude and longitude. 
Meridians and parallels are drawn RC~OSS the entire chart a t  intervals 
of 15 minutes each ma , and every fourth one, representing each whole 
de ree, has been subchded into minutes. Any point to be plotted 

most cases it can e lotted wjth sufficient accymcy by referring to the 
subdivided lines anx  estimating by eye the distance, from the nearest 
meridian and parallel.6 

Should a scale of nautical miles be desired, the scale of minutes of 
latitude-that is, the subdivisions along the meridians-will serve, 
since a minute of latitude may be considered as a nautical mile for all 
practical purposes.6 

< wi P 1 never be ver f a r  from one of the meridians and parallels and in 

6 On recent charts of this cleriw the projection interval ha8 been change0 to FO minutes 

OSlnce the earth Is not a perfect sphere the length of a nilnute of latitude variea in- 
In the United States, howdrer, 

each way. 

creasing with the latitude, from the equatdr to the 
the length of a nautical mlle IR definitely flxed at  6,010.20 feet. 

oles 
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Chapter 11.-CROSS-COUNTRY FLYING-PILOTING 

PROCEDURE 

Pen. Air navigation is ti subject to which much study call be 
Ordinary cross-country flying may be satisftictorily aceonip ished, 
however, over land areas and in clear weather, by very sini le meth- 
ods. If the pilot lias a thorough knowledge of chart reaxing, few 
instruments will be required other than reliable charts of the route 
to be down; the use of a compass is highly desirable (see p. 21), but 
is not absolutelv essential. 

Wlieii flying Letween points on the smne aeronauticnl chart, the fol- 
lowing steps are necessary for this type of flying: 

1. Draw a straight line on the chnrt between the points in question. 
2. Make a careful study of the intervening country, ill ordvr to decide 

Whether to fly the direct route, or whether some detour 111a.v be desirable in 
order to aroid flying orer large bodies of n'ntrr, m)uiitniiis, or otlirr hnxtrrd- 
011s terrain. 

3. Note any characteristic 1:indrnarks along the route (such as proniinent 
hills, or the pattern of strenm, railroad, arid highway crossings). 

4. Bhnpe the course in the air with referelice to the landmarks noted. 
Obviously, there are other factors to be taken into consideratio?: 

the route must be laid out so that a field with refueling facilities is 
available mithiil the safe cruising radius of the *plane, even allowing 
for unexpected liead winds; it should alsq be l?ld out to take ridvan- 
tage of established nirwtys aiid intervening airports for em:rgency 
landill s; weather conditions along the route and at the destinatkn, 
ns we1 k as a t  the starting point, must be taken into account; aiid the 
time r uired for the trip must be checked against the number of 
hours o Y! da light yet remaining. However, these factors have to do 
with the sa& operatioil of the plane, while the four steps noted above 
deal with flying from place to plrice by reference to visible land- 
marks which can be identified on the chart. 

Flying a plane from one place to another solely by reference to 
visible landmarks is known as MIoting. 

LANDMARKS 

The cultural fetitures of the terrain constitute a most important 
class of landmnrks. For esaiiiple (pl. I), coinpare the distlnctire 
railroad pattern at  I(entoi1 with that at Urbana, or the different 
highway pattern southeast of Urbana wit,h that, southeast of Kenton. 
Similarly, the patter11 of roads, railroads, and other cultural fwtures 
glves to each locality its own distinguishlng marks. 

Many other distinctive landmarks have been included 011 the 
sectional charts as an aid to identifying ground position. Refer- 
rin again to plate I, note the stadium in CoIumbus and the black 

on the Scioto River; the mill and the factory and chlmney south of 
tan f northeast of the city; the black tank in Worthlngton; the dams 

19 
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Marion; the gravel pit and “gravel pit lakes” north of Marion; t l ~ e  
gravel pit soutliwest of Kenton ; the nice tracks at  Bellefontaine, 
Urbana, and Hi1li:irds; and the silver tank at  St. Paris. 

Intermediate fields and most of the beacons of the Civil Aeronau- 
tics Authority are ilir marked with their site numbers, to facilitate 
their use in landmark flying by day; however, beacon sites are of 
necessity so small that from any consicleixble altitude they are oftell 
very inconspicuous. 

The topographic features are frequently of outstandin5 impor- 
tance in steering a course. For example, in flying from Winchester, 
Va., to Washington, D. C., it is only necessary to head the plane for 
the rominent notch in the Blue Ridge Mountains toward the east; 

same course after passing the notch. This notch is a p  arent on the 
sectional chart because of the highway passing throug1 it, and also 
because of the diminished width of the contoured ridge a t  that point. 
Other typical and better known landmarks of this kind are the 
Delaware Water Gap, Stone Mountain, El Capitan, Sugarloaf Moun- 
tain, and so on. Such features may be readily selected from the 
chart by those experienced in chart reading and the interpretation of 
relief. 

Landmark flying is so generally understood and practiced that it is 
scarcely necessary to give an  example ; hdmever, suppose that it is 
desired to fly from Springfield Airport to Port Bucyrus (pl. I). 
After taking off from Springfield and gaining the desired altitude, 
the edge of the city is circled until the tracks of the Cleveland, Cin- 
cinnati, Chicago t St. Louis Railroad are heen. This railroad is fol- 
lowed through Mechanicsburg and Milford Center (identified by rail- 
road crossing; double track) to Jfarysville. From this point, the 
high*ay (identified by its sharp reverse curve) is followed to Marion, 
then the Pennsylvania Railroad (single track; note gravel pit and 
gravel pit lakes) in to Port Bucyrus. 

Was g ington may be reached by continuing on approximately the 

STEERING A RANGE 

I n  order to keep on the desired route, it is a good practice when- 
ever possible to select two laiidninrks ahead, which are known to be on 
the course, and steer the plane so as to keep the t m  objects in line. 
This is known as steering a range. Before the first of the two land- 
marks is reached, another more distant object in line with them 
should be selected and a second range steered. 

To illustrate the use of ranges! under conditions of good visibility 
and ceiling, suppose that R flight is planned from Norton Airport, a t  
Columbus, to Cedar Lawn Airport, a t  Kenton, Ohio (pl. I). After 
takin off, the airport is cirelecl until the desired altihide is reached; 

a t  Linden Heights, which is in line with the center of Worthington 
(marked by a black tank). Before reaching Worthington, the town 
of Powell can be seen, on the Chesapeake & Ohio Railroad (double 
track), and a heading is maintained which will pass just to the left of 
Powell and just to the right of the bend in the Scioto River (at Rath- 
bone). Coritinuing on the same heading, the town of Ostrander is 
reached, and the point where the stream crosses the Marysville- 
Marion Highway IS lined up with the town of Claiborne. From 

the p F ane is then headed toward the eastern edge of the built-up area 
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Claiborne, the plane is hencled so that it gradunlly approiiclies the 
highway to Kenton, which can iiow be seen on the left ; upon reachin 
the highway at Mount I'ictory, it is followed towercl Keiiton, an$ 
Cedar Lawn Airport is found on the left, just before reacliiiig the 
city. 

I f  desired, a table such as the following, listing landmarks alld 
other dntn which may be obtained from a sectional chart, can be pre- 
pared for any given route. 

Linden Eeights~ ............... .... 
Blacktank 
Worthiogton (black tank). 
Powell. 

Scioto River (crossing at Rathhona) 
Ostrander. 
Road and stream crossing ......... 

........................ 
.......... 

............... ...... --.:-..- 

......................... 

Norton Airport (Columbus) to Cedar Lawn Airport (Kenton) 
- -__ - _  

I 
! M i l c a  M i n .  Sec. 

I m i l e w e s  7 3 45 
On course. 1 1  R 0 

17 9 0 Just'cast: dam on Scioto River, with road to 

21 ' 11 0 ........................... 1 ................ 
Just west.. ....... 27 16 0 
On course; town 01 hlapnctic Springs about 

Just west .............................. i I, 2 '  46 
........................... 
........................... 

Powell, 2 miles west. 

........ 

2 miles e s t .  

Landmarks 
Distance Esti- 
from DO- mated I 1  lumbue 

Location with respect to route 

..................... ............................... 21 0 
..... 2 8 0  

Claihorne On rourse 
Mount Vict,ory ...............I On course: rrosaing of highway and douhle- 1 
EIlghway to Kenton.. ............... On corlrw: follow to Cedar Lawn (on left) .-I.. 
Cedar Lawn Airoort..- .............. 1 West of hiphwav nnd rnilriiad: 2 miles s0ut.h I 

track railroad. 

I . .  
~ of city. I 

i 
I_ ~ _ _ ~  

1 Flying time estimated from flp. 94, usinu known cruising qieed o f  plnnr (1(Kl m. p. h.) plus reported tail 
wind (10 m. p. h.), or 110 m. p. h. 

Sometimes the selection of a range is verj e.:isy, as when a road or 
ridroad parallels the route: tit other times, the selection of a coiitin- 
uous series of ran res may prove difficult ; for this reason, and also as 

pass :LS well. For this purpose we need iiot be concerned with mag- 
netic variation, compass tierintion. or wind drift : it is only necessary, 
while steering R range that is definitely known to lie along the route, 
to note the compass hending. This heading is the correct course to 
steer, and it should be niailltiiined until iinother range is available. 
Then if, the compass llencliiig is coinp;ired iqiiiii, :ins change in mag- 
netic variation or wiiid conditions will be taken care of in the new 
c-ompass heading noted. 

For example (pl. I),  the route from S wingfield Airport to Marion 

the S ringfield-Marion Highway. Flying this route, when a plane 

Short1 afterward nil area of poor visibility w?s encountered unex- 
pected P y, but the compass heading of 35" was maxntained ; on runnlrlg 
Illto better conditions again, near Claiborlie, It. was found thnt the 
plane was still on the intended track, and position could easily be 
identified from the highway pattern east of Richwood. 

an added factor o B safety, it is desirable to refer to the inagiietic com- 

Airport lies between and roughly pard f el to the Erie Railroad and 

WiiS a ! out opposite Marysville a compnss heading of 35" WRS noted. 

MARKING DISTANCE ALONG THE PLOTTED ROUTE 

I t  will be of consideriible assistance in flight if, before taking off, 
the plotted route 011 the chart is divided into 10- or 20-mile intervals. 
The cross marks for 50- or IOO-mile intervals should be made heavier, 
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or eniphasized, if in no other way, by noting opposite them the total 
mileage fro111 the sttirting point. This scale of miles furnishes R I ~  
excellent check on the ground speed being inade good along the route. 

MARKING TIME INTERVALS 

An iilternative method preferred by some of the leading pilots is to 
divide the plotted route on the chart into time intervals, instead of 
miles. For example, if the plane has a cruising speed of 90 i d e s  per 
hour, it will mike 1.5 miles per minute, or 1‘5 miles in 10 minutes. 
The first cross-iiiark \voultl be iiiacle 15 miles from the starting poilit 
but marked 10 niiiiutes ; the second, at 30 miles, would be marked 20 
minutes, and so on. I f  these time intervals are &led to the clock 
time for the beginning of the flight, we have the clock time when we 
may expect to reach the various po~nts. 

Of course. time intervals obtained in this way would hold good only 
under still-air conditions. A stiff head wind monlcl retard the plane 

considerably, while a tail wind would place 
it progressively iahead of tiiiie. Sonie plots, 
therefore, make siich allowance as they can 
for wind effect, from weather reports, before 
beginning flight ; others prefer to note the 
time intervals on the chart while in flight 
with the aid of an instrument called “spacing 
dividers.” 

The spacing dividers (fig. 16) ea11 iisually 
be obtained from conipanies sellin 
instrunients. This inst runient n ords the 
quickest a i d  easiest ~iie:iiis of dividing the 
route into e q d  time i~ite~*v:~ls wliile in flight 
and of det&rnrining the exact time when any 
point will be reached in flight, The instru- 
ment consists of 11 teeth, nunibered from 0 
to 10 and so adjusted that the aln-ays divide 

equal parts. 
S o w  su pose that a plotted route crosses R 

this railroad is identified and passed just 9 
minutes after taking off. The tooth of the spacing dividers markecl 
0 is placed on the airport, ancl the dividers set, so that the tooth 
markecl 9 is at the The 
first 9 teeth of the Jviders now indicate the position of the pliirie at 
the end of each of the first 9 minutes of flight, and the tooth mnrked 
10 indicates the point the plane will have reached at the end of 10 
minutes. In  other words, the distance between teeth numbered 0 and 
10 is the distance that will be made good during each 10 minutes of 
flight, provided there is little chnn e in speed or wind conditions. 

the straight line OB the chart, and by ineans of the intermediate teet 
the exact minute when any prominent object will be reached ctin 
be noted. 

An addecl reason for dividing the route into time intervals is that 
the fuel supply is usually reckoned in terins of time, rather tliaii dis- 

% 

the extreme setting of the 2 ividers into 10 

B I , , I . I ~ ~ :  I ~ ; . - S ~ , ~ ~ ~ , , ~  (11, I M ~ .  railroad a ‘t: out 15 miles from an airport, t ~ n d  

oint where the route crosses the railroad. 

R With the dividers, 10-minute interva 9 s can now be stepped off nlon 
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tance. Many pilots prefer. ho\wver, to coinbiiie the two methods, 
dividing the plotted route on the chart into 10- or 20-niile intervals 
before taking off, and noting on the chnrt while in flight, by means of 
the spwing dividers, the time -for renching the various 1andni:wks 
dong the way. 

For the sectional charts, at abont 8 miles to the inch, the spacing 
dividers can be, set so that each tooth represents 1 minute of flyiiig 
time, as suggested above. For the regional series, at  abont 16 miles 
to the inch, the dividers callnot be set that closely, and usually each 
tooth will be made to represent 2 iiiinntes of flyiii 

raph which wil prove very useful 
in determining the ground speef a i d  dividing the route into time 
intervals when spacing dividers are not available. The use of the 
graph may be illustrated by the exnmple gireii above, in which a 
milroad 15 miles distant was crossed in 9 minutes of flying t h e .  
Referring to the graph (fig. 94, 1). 165). follow the horizontal line 
corresponding to 9 ininiites :icross to its intersection with the (inter- 
polated) vertical line representing 15 miles : the diagonal line drawn 
tlirough this point, 100 in. p. h., represents the rronnd speed being 

tion wlth the horizontal line re )resenting 10 minutes, directly nbore 

good in 10 miniites. In  the same way, the iiuinber of miles made 
p o d  for each siiccessil-e 10-minute interval may be read at the top of 
tl?e graph and plotted on the chart. Also, if n given landmark or 
airport is known to be at a certain distniice, following the vertical 
h i e  represpiitiiig tliat distance d o ~ ~ i i  to its iiitersection with tlie 
correct ground-speed line, and thence to the left border, w ~ l l  give the 
exact iiuniber of mintites required to reach tlie poiiit in qitestion. 

LONG FLIGHTS 

P time* Included in the Appendix is a 

iiiade p o d .  Following this same ground speed P iiie to its intersec- 

it may be read at the top of t \ le graph the number of miles made 

111 tlie foregoiiip clisciissioii i r e  have considei*ecl cases within the 
h i t s  of one cliart. When the route lies between cities on different 
charts it, is o n ~ y  iiecemtrs to join ctlrefully the edges of adjacvit 
charts, draw a straight liiie between the two points across all the 
charts involved, and proceed :IS before. This is possible because, in 
each series, any individual chtirt is constructed as thou 11 it were 
section cut out of one big chart of the United States &*awn at the 
scale of the series: obriously, then, any niiiiiber of charts, in ally 
direction, may be joined perfectly. 

When the route lies between cities a loiip distance :t >art and 011 

011 a sma r ler-scale c h r t  of the United States a stralgl?t line between 
the two points. Tlie points at whicli the strai ht h e  crosses tlie 

The various sections 
of the straight line are drtiirn between these poiiits on the larpe- 
scale charts and the saine irocedure followed as before. Chart No. 
W60a of the Coast and 6 Teodetic Survey ( Aeroiiautical Planning 
Chart, United $tates), limy well serve as the smaller-scale chart 
of the United States. I t  is especially suitable for .this purpose, 
Smce it is constructed on the same framework, or pro~ection, as the 
sectional and regional charts. Its scale is just one-tenth the scale of 
the sectional charts. 

l\-idely se iarated charts, it may prove more convenient B rst to draw 

llleridinns and pariillels 011 the sinaller chart shoii F d then b O  measured 
the poirits trtiiisferred to the larger charts. 
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FOLDING THE CHARTS 

A 

For laying out routes before taking off, for all detailed studies of a 
region, and for all general use, a flat chart, free from folds and 
wrinkles, is very desirable. 

During actual flight, even in the larger transport planes, lack of 
space usually prevents the use of an unfolded chart. As a result, 
inany methods of folding the charts have been devised, while those 
flying regular routes have made up stlip charts or books cut from 
the published charts. 

I n  order to avoid the handling of numerous charts even for short 
trips, and the resulting aniioynnce in all navigational problems, both 
sectjonaI and regional charts have been designed to cover fairly 
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I 

I 
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I.’IC~UHE 17.- I?’olding the chart for use in flight. 

large areas; nevertheless, charts of both series will be found very 
convenient for use in the air when properly folded. It is reconi- 
mended that the charts be folded once, back to back, along the line 
,4B (fi 17), then in 4 or 6 “accordion folds” 111 the other direction, 

the entire chart may be consulted merely by turning over the accor- 
dion folds. 

Strip charts are very convenient for those fl in frequently over 
the same route; however, as already suggestei, t%ey cannot fully 

the need even for this type of flying. A pilot may be com- 
pelle tu leave the charted airwa , because of adverse. weatherecon- 
ditions or other reasons, and fin g himself over unfamiliar tsrrltoiy 

along t f- e vertical broken lines indicated in the figure. I n  this way 

satis$ 
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with no chart of the ground below. r, the regulations of the Civil Aeronautics Authority require t F;" a+ 
pilots engaged in regular. transport, operations carr in the pilot's 

PRACTICAL AIR NAVIGATION 

In recognition of this dan 

charts covering the area a t  least 75 mi 9 es on each side 

definitely affected by this requirement, yet 
and beyond each of the terminal involved. 

is obviously to their advantage. If a strip 
chart or book is prepared showing only the region immediately 

FIGURBI 18.-Folding the chart RLI a strip. 

A 

1. Paste end fold of strip chart to book cover with rubber cement. 
2. Attach center folds of strip to back of book by strips of adhesive tape. 
3. Paste other end fold to remaining book cover. 
4. Entire route can then be consulted by turning folds as pages of a book. 

FI(3URIC IR.-hIaking R route book. 

adjacent to the route, complete sectional charts showing tt wider area, 
folded for most convenie~~t reference in case of need, should also be 
carried. 

Some very inge1iious folds and route books have been devised, by 
means of which the elltire route, or even whole charts, can be followed 
from p i n t  to poillt by the flip of a page; however, if such folds are 

It32D1So-:3g--3 
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made by pasting portioiis of the chart together, they cannot be con- 
sidered satisf:rctory for d l  purposes, since the chart cannot be spread 
flat again for the plotting of new courses, etc. Folds of this sort 
should by all means be supplemented by a flat chart or one so folded 
that it may a ain be opened out flat. 

for reference in a n  emergency, the chart cnii be folded as a strip 
without destroying or cutting away any part of it. For example, 
i f  i t  is desired to mtike a strip chart covering the rout G’D (fig. 18), 
fold the chart so as to leave the route in the center of a strip 10 or 
12 inches wide; theii fold the strip in the awordion fold illustrat-ed 
in figure 17. By this method the folded-back portions of the chart 
are still available if they should be needed. 

(See fig. 
19.) To do this, cut out the strip showing the plotted route mid 
fold it accordion style; theii paste one of the eud folds to the inside 
cover of a book or cardboard cover of couveiiieiit size: next fasten to 
the back of the book the folds touching that part, usin adhesive 

remaining book cover. Mounted in  this wa  , the more rigid covers 

part of the route may be consulted merely by turiiiug the folds as 
pages of the book. 

Whenever charts or portions of charts are to be joined together, as 
is often the case when making up strip charts, rubber cenieiit should 
be used, since it does not cause the wrinkles and distortions so com- 
mon when using other adhesives. I f  the rubber cement. is applied 
to both the surfaces to be joined, :~nd :illowed to dry before 
the surfaces together, a very permtment jiinctioii can be ma e 

If  a strip c P iart is desired rind an additional chart is not available 

A route book c:in also be prepared with little difficulty. 

tape or similar means: md, finally, p s t e  the other end f old to the 

to which the strip is attached facilitate liaii dy ling in the air, and any 

rssing 



Chapter 111.-AIR NAVIGATION BY DEAD RECKONING 
THE ADVANTAGES OF DEAD RECKONING 

Cross-country flying b elementnry methods of piloting is so simple 

forin of navigation. Piloting a plane by re erence to visible land- 
marks is fundamental and must be combined with any ot.her form of 
navigation that may be used; however, when a pilot is limited to 
flying by landmarks alone, he loses the saving in distance of t,he direct 
air route. Furthermore, if the weather should close in unexpectedly 
during flight and the familiar landmarks could not be found, the 
results might. be extremely serioiis, not only to the pilot, but to the 
life and property of others as well. 

I n  September 1935 n pilot, flyin east, unexpectedly ran into fog 
just 20 miles east of Pittsbureh. 'fhinking it only a local condition, 
the flight was continued untd it would have been as dangerous to 
turn back as to proceed. Relying solely upon dead reckoning, the 
ship was brought safely over the mountains, although the ground 
was not seen a ain until near Hagersto~vn, Md. I f  this pilot had 

probable. 
J B  means of dead reckoning a pilot can fly fairly close to the land- 

mar i s for which he is looking, even when his information is not very 
reliable. Because he knows just about when and where to look for  
them, he will often succeed in findin them when a pilot without such 

truinllll: knowle ge of his own course ana speed, and of wind direction and 
velocity, he may proceed even under adverse weather conditions 
with more certainty than an untrained pilot might have in clear 
weather. I n  any event, the ability to navigate by more advanced 
methods is certain to result in increased safety and greater operating 
efficiency, and will give considerable confidence and mental satis- 
faction to the pilot as well. 

THE LAMBERT CONFORMAL PROJECTION 

The solution of all problenls of dead reckoning depends entirely 
upoil the projection employed. The Lambert conformal conic 
projection, which was chosen for the aeronautical charts, was devised 
nearly 200 years ago, althoiigh it did not come into prominence until 
the World War; a t  that time it was adopted for the military maps 
of the Allied forces because it, afforded a maximum accuracy in the 
lnensurement of distances and directions. 

Distance and direction are the two basic problems of all naviga- 
tion, since these two factors definitely determine position ; conse- 
'quently, when the Coast and Geodetic Surve wns assigned the task 
Of preparing charts for air navigation the Enmbert projection was 
glven serious consideration. It was selected, however, only after a 

P under conditions of goo J visibility that many ilots practice no other 

been trained on F y in landmark flying, a crash would have been most 

would miss them altovet E er. I f  he has fairly accurate 

27 
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thorough investigation had indicated that it :ifforded a remarkable 
combination of properties and aclvaiit:iges, aniong which are the 
following : 

1. It permits a perfect jnnction lietwcwi ~ n y  nunitirr of clmrts i l l  any direction. 
2. It is unexcelled for scaling dist:tnctw in all directions it1 the United States. 
3. Its directions, or azimuths, conform very c*losely to directicins on the earth, 

4. It provides the best possihle chart for piloting. 
5. It affords a simple nud satisfactory soliitioir for a l l  problems of dead 

6. It affords the simplest possible means of practical grea t-circle navigation. 
7. It is unsurpassed for all types of radio navigation. 
8. It is unusually suitahle for cclrstial ntivig:ition nnd all prolblems requiring 

the plotting of positions. 
These conclusions were reached after many practical tests by the 

United States Coast and Geodetic Surve and anyone particularly 

Bureau. 
I n  the Lambert projection. the meridians of the earth are repre- 

sented by straight lines converging toward a common point outside 
the borders of the chart, and the parallels by curved lines which are 
sections of concentric circles whose center is at the point of intersec- 
tion of the meridians. Meridians and parallels intersect a t  right 
angles and the angles formed by any two lines on the earth’s surface 
are correctly represented. 

The scale error of any single chart is so small that distances may 
be measured directly by means of the grapliic scales printed in the 
borders. I f  the entire United States is shown in a single Chart 
(as No. 3060a) , the maximum scale error for nearly 90 percent df tlie 
chart is about one-half of 1 percent-an error quite negligible in 
p a c t  ice. 

i. e., great-circle directions. 

reckoning, not excepting the rhiimh line. 

interested may obtain further data by ad 2’ ressing the Director of this 

SMALL-SCALE CONTROL CHARTS 

Reference has beeii macle alreadv to tlie use of chart No. 3060:t 
for laying out routes between widely septirated points. A second 
chart which may be wed for this purpose is Coast and Geodetic 
Survey chart No. 3074, the Great-Circle Chart of the United States. 
As an aid to the most effective use of these two charts, there follows 
a brief description of the special properties of each. 

Chart No, 3060:~ is on tlie Lambert projection and is at a scale of 
1 : 5,000,000. or about 80 miles to the inch, which is exactly one-tenth 
the scale of the sectional charts. I t  affords a high degree of accuracy 
in the measurement of distances between widely separated points, 
arid may also be used for tlie plotting of radio bearings, the necessary 
instructions for perforiiiiiig these operations being printed on tlie 
chart itself. About 40 of the principal broadcasting stations and 250 
of the most important airports ;we shown in red, facilitating radio 
compass navi The plotting of 

each sectional chart ; in this way the pilot may see at  once which sec- 
tional charts will be required for a projected flight, and also the ap- 
proximate location of the intended route on ench chart. 
equal magnetic variation are shown. Coiirses may also be measured 
thereon, although in general they should be measured on one of the 
larger-scale c h r t s ,  as recomniended on pages 29 to  31. A straight 

tion a i d  the plotting of routes. 
routes is furt  r er simplified by an overprint showing the limits of 

Lines of ’  
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line on this chart is a close approximation to the path of a great 
circle, and for all practical purposes may be regarded as the shortest 
route between two points. 

Chart No. 3074, being on the gnomonic projection, can have no 
constant scale, although it is at approximately the same scale as 
chart No. 3060a. It is not suitable for the met~surement of courses, 
bearings, or distances, but any straight line on the gnomonic projection 

distances. 0. 3060% are included 011 
this chart also ; the radio stations are omitted., however, since the 
gnomonic projection is not adapted to radio navigation. 

BASIC PROBLEMS IN DEAD RECKONING 

represents a precise -circle track, and the chart is therefore very 
useful for an exact of the reat-circle route over long a The airports shown on chart 

There are two basic problems in navigation by dead reckoning, one 

Case I. When planning a flight, before taking off? to determine 
from the chart the distance and the compass heading to  be fol- 
lowed between two points. 

Case 11. While in flight, from the observed compass heading 
and air speed of the plane, to determine and .lot on the chart 

the track at  any time. 

being essentially the reverse of the other. They are: 

the track being made good and the position o r the plane along 

CASE I 

Having drawn on the chart the intended track, either as i~ straight 
ljne or as a series of straight lines, in order to deterniine the compass 
headings to be followed four steps are necessary : 

1. Measure the true course, or courses, on the chart ; 
2. Find the magnetic course by applying magnetic variation ; 
3. Find the compass course by applying compass deviation ; :ind 
4. Find the compass heading from the compass course by niclking allowance 

for the effect of wind. 
Figure 37 provides a graphic definition of these ternis. 

I n  order to understand clearly problems involving directions,. it 
is important to distinguish carefully between n course and (t bearing 
(or azimuth). Figure 20 illustrates the difference between these 
terms, as well as the methods of measuring courses and bearings on 
the Lambert projection, between any two points, A and B. Refer- 
ring to the figure- 

1. TO MEASURE THE TRUE COURSE 

Angle a is the course to be followed from A to B ;  
Angle b is the course to be followed from B to A ;  
Angle Z is the bearing, or azimuth, of B as  measured at the ~wioil~t -4; 
Angle Z’ is the bearing, or azimuth, of A as  measured at the point B. 
It should be noted that on the Lambert projection a course is always 

measured a t  the meridian nearest halfway between the two points ill 
uestion; a bearing (or azimuth) is measured at  the meridisn piissing 

%,u h the place at  which the bearing is determined (or to be deter- 
mine c f  ).I 

@or theoretical recision long courses should be measured with the nleridian of middle 
lodgitude between &e point; in question, rather than the meridian nearest halfway. This 
applies only to very long distances, however, and is an unwarranted retiiwment, the maxi- 
mum course error from this cause being too small for practical connlderRtiOn. 
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Both courses and bearings are measured clockwise from the north, 
from 0" up to 360". 

A course may be followed without change for the entire distance 
between the two points (if, for the moment, we disregard magnetic 
variation, compass deviation, and wind) ; a bearing (or azimuth) is 
constantly changing as we progress along the route and is different a t  
every point thereon (except for the special cases in which the two 
points are both on the same meridian, or :we both on the equator). 

The course from A to B is the exact reciprocal of the course from 
B to A (that is, exactly 180" different) ; the bearing of A from B is 
never the exact reciprocal of the bearing of B from A ,  but differs 
therefrom by an amount equal to the angii1:m convergence between 
the meridians through tlie two places. 

Courses are used continually in all problems of dead reckoning: 
tlie use of bearings (azimuths) is coufiried to radio navigation and 
celestial navigation almost exclusively. 

The terms "bearing" and "azimuth" are identical, but the former 
term is generally used in radio navigntion, the latter in celestial 
navigation. 

FIGURE 2O.-Coiu'xes and be:iringx FIOIIRE 2l.-Cnurse and .track. 

If a course between two points is mistakenly messured as a bear- 
ing, with the initial meridinn instead of with the meridian nearest 
halfway, considerable error may result. 

To clear up any confusion that may yet remain, it should be 
explained that when the course is measured with the meridian nearest 
halfway (as the le a, fig. 20), a plane following that course will 

de art therefrom near the middle of the route, as indicated by the 

when courses are measured as recommended in the followi pnra- 
graphs, the departure is so slight that it may be consideredxat the 
plane does exactly track the straight line throughout its entire 

not exactly follow anf t e straight line AB on the chart, but will slightly 

lig f it, broken line (greatly exaggerated) in figure 21. However, 

length. 
- 

A course measured with the true neonrauhic meridian printed - - -  
on the chart is the true course. 

When the two points are se arated by not more than 3" or 4" of 
longitude the true course may %e measured with the meridian nearest 
halfway, as described above and as illustrated in figure 20, and the 
entire distance flown as one course. 

When the difference of longitude between the two points is more 
than 3" or 4" tlie straight line on the chart should be divided into 
sections crossing not more than 3" or 4" of longitude each, and the 
true coiirse to be flown for each section should be measured with the 
middle meridian of that section. 
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For example, figure 22 illustrates the method of determining the 
series of true courses to be flown between St. Louis and Minot. 

The distance is 862.7 miles, nnd the difference of longitude is nearly 
12", which is too great to be flown satisfactorily in one course. The 
route is therefore divided into three sections crossing approximately 
4" of longitude each. The true course to be flown thronghout the 
total length of each section should be measured with the middle 
meridian of that section-) and the course should be changed in flight as 
the end of each succeeding section is reached. 

MINO 
I 

\ 
\ 
\ 
\ 

96' 

\ 

I 

\ 

\ 

FIGIJR~ 22.-Subdivldiiig a lona route. 

on the Lambert projection, for all practical purposes, i i  straight 
h e  is the great-circle route (shortest ossible distiince) between its 
extremities. The method just outlinef makes it possible to fly the 
great-circle route by a, series of short courses (rhumb lines). 

For the fli ht from St. Louis to Minot, only two regional charts are 
required, an f it would be il, simple matter to join these two chtirts and 
draw the straight line between the two laces. When using the sec- 
tional series six charts are necessary, R I ~  x it is inconvenient to join so 
many charts; in this case, therefore, the route should first be plotted 
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on one of the small-scale control charts and transferred to the sec- 
tional charts, as described on pages 23 and 28. 

Some pilots object to making frequent measurements with a pro- 
tractor. Whenever possible that is the safest and best procedure, but 
under conditions of flight there are times when tlie frequent use of 
a protractor is impractical, if not impossible. 

If the need should arise for la ing out a new course while in 

planning chart itself, and subdivided thereon into convenient sec- 
tions. With a protractor determine tlie true course to be followed 
for the first section; to find the true course for each succeeding sec- 
tion subtract 6/10 of a degree? for each de ree of lon itude between 

the middle meridian of the section under 
consideration, for flight in a westerly direc- 
tion; add 6/10 of a depee for each degree of 
longitude for flight in an easterl direction. 

I f  this method is used and &ere is any 
difficulty in reniembering when to add and 
when to subtract the correction, an exagger- 
ated sketch similar to figure 23 will remove 
any doubt. It is obvious that the course 

angle at B is greater than the an le at A ; therefore, add the correctioii 
when going toward B (east), su ttact when going toward A (west). 

Instead of applying a correction of six-tenths of a degree for each 
degree of longitude crossed, some prefer to think of the correction 
as 2" for every 3" of longitude crossed, which is just as accurate. 
These pilots then make it a practice to change course at the central 
meridian and edge of each sectional chart, remembering only to add 
2" at each course change when flying east, and to subtract 2" at each 
change when flying west. This is only the change in true course, 
and does not take into account the change in magnetic variation. 

flight, the straight line may be B rawn to the destination on the 

the middle meri C F  ian of the d rst section and 

convergence of meridians. 

% 

FIGURE 23.--?'he corrwtlon for 

FIGURE 24.-I'rotrnctor used as a long straightedge. 

A long straightedge is not always avaihble, even for plottin on 
the ground. A very satisfactory substitute is a protractor uses as 
illustrated in figure 24. This protractor was especially designed 
for use with the aeronautical charts of the Coast, and Geodetic Sur- 
vey, on the Lambert projection. I t  may also be used as a parallel 
ruler, and contains scales of statute miles for both the sectional 
charts (1 : 500,000), and the regional charts (1 : 1,000,000) ; the scale 
of miles for the sectional series is equally suitable for chart No. 3060a, 
shce it is exactly one-tenth their scale (1 : 5,000,000). I f  a long 
straight line is desired as between A and B in the figire, a knotted 

2 This is the angle of conver ence between meridians l o  apart on all (Lambert) nero- 
Iiuuticai charts of the [inited Etntes. It is not precise, the exact figure being 0.0305; 
however, for any ordinary distanceen it is entirely sntiafnctory. The maximum coume 
error introduced b using'tlie ap roximate figure amounts to only ,# of a degree for an 
east-west flight oY.500 miles; &r the Anal section of the longest straight-llne fliplit 
possible in the United States, the error amounts to  less than 1.7". 
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thread may be inserted in the hole at the center of the protractor; 
then with one end of the straightedge of the protractor at  A, the 
thread is stretched to pass through the point B; the other end of the 
straightedge is caused to line up with the thread and the line AC 
is drawn. The operation is then reversed with the straightedge at  
B and the thread passing through A, and another section of the line 
is drawn; any center sections may be drawn in the same way, and 
the long straight line completed. This can be done more quickly 
and easily than i t  can be described. 

2. TO FIND THE MAGNETIC COURSE 

As explained above, the true course is measured with reference to a 
true meridian printed on the chart, or true north. However. magnetic 

compasses are used in air navigation, and these instruments, of course, 
refer all directions to magnetic north. I n  most localities magnetic 
north does not coincide with true north, chiefly because the earth's 
magnetic poles are at considerable distances from the true north and 
South poles. The angular difference between true north and magnetic 
north a t  any place is known in navigation as the magnetic variation 
of the place.8 It is called westerly variation or easterly variation, 
depending u on whether magnetic north lies to the west or to the east 
of true norti'. 

Figure 25 shows the lines of equal magnetic variation in the United 
States for 1935, at  intervals of 5 O .  These lines, which are also known 
QS isogonic lines, are shown on the aeronautical charts for each degree 
of variation, and in a few cases for each half degree. A chart of the 
United States (No. 3077), size 22 by 25 inches, shoFing lines of equal 

"tt is also known as  varlatlon of the conipass or siniply variation. In engineering, 
and scientific work vmlation is known ab magnetic declination, but the term "variation' 
has been used a t  sda for many years, in order to avoid confusion with the term "declina- 
tion'' a8 employed in celestial navigation, and this usage has \ery properly been con- 
tinued In air navigation. 
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niapnetic variation at 1" intervals, may be obtained from the Director, 
Coast and Geodetic Survey. 

At all points dong any given isogonic line, tlie magnetic variation 
is the same in direction :ind magnitude. Referring to the figure, i t  
may be seen that in the eastern part of the ITnited States the-mag- 
iietic compass points west of trne north (that is, the variation is 
westerly) ; in the western part of the country the magnetic comp:tss 

The dividing line 
Eetween these two areas of opposite variation, that is, tlie line of 00 
rnriation. is known as the agonic line. At a11 points along the line 
the direction of magnetic north and true north :ire the same. Minor 
bends and turns in the isogonic lines are chiefly the result of local 
attraction. 

When a course is referred to magnetic north rather than true 
north, it is known as a magnetic course. 

A magnetic course has no importance of its own to a pilot; it is 
simply a necessary step in converting a true course to a compass 

heading, and as snch must have some 
name for reference. I t  ilia be defined 
further as the true course p us or ininus 
magnetic variation. 

There is no other single item in the 
whole field of navigation as importaiit 
as the proper application of niagnetic 
variation. Ships have been piled on 
the rocks, and planes have crashed into 
the sides of moiintains or have bern 
completely lost because of misapplica- 
tion of this item. 

For our present problem jnst one 
rule is necesstirv. but it should be 

oints east of true north (e:isterly variation). 

ry N 
M 

F,ol.,(g 20.. ,,,. t i e  val,r,tion, learned so tlior6uglily that a wrong 
application is impossible. To  convert 

:i true course into a niagiietic course, ADD WESTERLY VARIA- 
TION. 

Numerous rhymes and jingles have been contrived to help navi- 
gators remember this rnle, but often the rhymes have proved more 
confusing and harder to remember than the rule itself. It. is believed 
that if the pilot can fix in his mind the relatioil pictured in figure 
26, there will never be any question as to the correct application of 
magnetic variation. 

I n  figure 26, N represents the true geographic meridian, and 
angle I is the true course for the route shown. 

ill represents the direction of magnetic north in the vicinity of 0 
and is west of true north as indicated. 

Angle NOM is the m:Lgnetic variation, which is westerly. 
Obviously, when magnetic north lies to the west of true north, 

tlie angle NOM must be added to the true course (angle 1 

route. 
variation is to be added, easterly variation must be 

subtracted; h t  if we can always remember the rule, ADD WEST- 
ERLY VARIATION, there will never be any danger of an erroneous 
tre:it rnent. 

obtain the magnetic course (angle 2 ) ,  or the magnetic direction o 1 the to 

I f  wester1 
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The apglication of magnetic variation may be further clarified by 
two spec1 c illustrations: 

Nenr Portland, Maine, the vtiriation is about 17" west, resulting in 
the condition shown in figure 27. Note that in ihis case the inagiletic 
compass reading is everywhere 17" greater than the corresponding 
true direction. 

Near Portland, Oreg., the variation is about 22" east, as in figure 
28, the magnetic compass reading being 22" less than the true for any 
chosen course. 

After dividing the route into sections of practical length and deter- 
mining the series of true courses, as already outlined, the avern e 

series of magnetic courses. 
I f  this procedure is disreg!rded and a loiig route is flown in one 

mean magnetic course, considerable departure from the intended 
track may result. For the conditions actu- 
ally existing in 1935 border between longitudes 
90" and 96", a true course for the route 
from 0 to C is 270" ; the magnetic direction a t  the oint 0 is 268", 

this mean magnetic course is flown for the entire distance, beginning 
at 0 the course is in error b about 4", and the lene will track the 

will be 4.1 i d e s  south o P the parallel, gradually returning to meet it 
at C. These conditions are t pica1 for the northeast quarter of the 

where the greatest differences in magnetic variation occur. 
The following examples will help to fix in mind the application 

of magnetic variation. 

magnetic variation for each section is applied in order to find t f e 

while the mean magnetic course for the route as a w P iole is 2645. I f  

broken line south of the ara 9 lel. At the center o f the route the track 

United States, the departure 8 iom this ciiuse being greatest, of course. 

True course (measured from chart) 1 Mean magnctlc Variatlon (from chart) I Magnetic coursc 

135'? ................................ 
2 8 3 O . .  ................................ 
340°. .................................. 
3560 

5 ' . . . . . .  ............................ 
................................. 

17'' W ................................. 162'. 
5" E.  ................................. 2.18'. 

ioo E ................................ 330'. 
100 w 5' ( ~ 0 - 3 ( # 0 ) . i  
10°E ................................ 355" (=5"+360°-100).l 

............................... 

1 When tho true cours~ to he,convcrted is near Oo, 360' may he added or whtractcd a8 necessary in order 
to perform the required operation% 

9. TO FIND THE COMPASS COURSE 

Magnetic attrrictions in  the plane itself-inetal parts, ignitioii 
system, electric lights, placii!g of tools or cargo, etc.-affect the coni- 

ass so that it fails to indicate magnetic north correctly on most 
Readings. 

This may be seen in a general way froin figure 30, in which i t  is 
assurned that the iiircraft engine E exerts a ma iietic attrnction iipon 
the compass needle C.  When the airplane is feaded approximately 
along the magnetic meridian M (that is, toward magnetic north), the 
attraction of the engine is exerted in the same direction t is  the earth's 
maglietic force, and there would be little or no error in the indication 
of ma netic north from this ctiuse. When the plane is headed to 
the le/?, the attraction of the engine is at right angles to the earth's 
magnetic force, resulting in a deflection of the needle to the left of 



w 
Q, 

I 1 
FIGURE '&'.-At Portland, Maine, magnetic variation in about 17" west 

and the magnetic compass rending i s  17" greater than the true fog 
any chosen course. 

FIGURE %.-At Portland, Oreg., magnetic variation is about 22' east 
and the magnetic compass reading is 22' less than the true fo; 
any chosen course. 
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ma netic north; when the plane is hetided in the opposite direction N 

The angular difference between magnetic north and the north indi- 
cation of the compass on any particular heading of the aircraft is 
known as the compass deviation for that liending. 

I n  practice, deviation is not quite so simple, but from the foregoing 
it will be evident that i t  differs in magnitude and direction as the 
air lane is pointed on different headings; it also differs, of course, for 

de A: ection of the needle to the right results. 

eat ! compass, and even for each new location of a compnss in the 

46 
6' 
1 
\ I 

I \ 

7 

96" 9 4 O  99 90" 

PIGLJRE 29.--L)e]mrture t'~o111 intended track clue to ttyiug H iiiexn inagnetic course. 

same airplane. Like iiiagnetic variation, deviation is known as 
westerly, or easterly, according BS conip~ss north is west of, or east 
of, magnetic north. 

When a course is referred to compass north rather than true 
north or magnetic north, it is known as a compass course. 

Like a magnetic course, a compass course lips no importance of its 
OWII, since it wonld be useful in air naviwation only in still air or 
when the wind is parallel to the route. (Bee To Find the Coinp~ss 
Heading, p. 38.) I t  is simply another step in the process of finkling 
the compass heading, and niay be defined further as the true course 
plus or minus magnetic variation and compass deviation. 

By proper adjustments, deviation 
on the vnrioiis headings may he 
greatly rediiced, but a reduction of 
the devi:ttion is less iniportant than 
knowing exactly the amount of devi- 
ation on the respective headings. 
Soiiie pilots, when they have reduced 
devi;ition errors to a iiiaxiniuin of 2 O  
or  3O, ignore this correction alto- 
gether, feeling that the uncertainties 
and varintions of wind alone are 
like1 to produce greater errors. 
Whife this may be satisfactory un- 
der some conditions, it is not good 
navigation and is not recommended. 

The fact that solile errors must be present in a problem is no justifi- 
cation for introdiicing another ; in fact, the more uncertainties in- 
volved, the greater is the need for nccurncy in the other factors, lest 
the errors become additive and of excessive niagnitude. 

At some airports, magnetic stations and com tiss-testing platforms 
are avnilnble for the adjustilia of compasses an x the determination of 
deviation. I t  is desirable, byD"swingin,a ship." to obtttiii a,nd tabulate 
deviation for headings at intervals of loo or 15'. 

M - Magnetic north 
E - Aircraft engine 

c I Compass card needle 

PrGUHE :io,-,qo ,,,,, 



For :iccuratcb n a v i p t  ion it  may prove desirable to have more than 
one devititiort card for each coiripass : for exaiiiple, one recording 
deviation with the platie iii flyiiig position :tnd motor running. :I 

second for the same cortclitions brit with navigation lights on, etc.  
This should not be necessary, however, if the compass is properly 
illst alled arid compelisatetl. 

1)eviation is subject to chaitge from time to time, for v a r ~ i i i g  
causes; it is also subjcbct to change from lace to place, especially 
where any considerable diffwcrice of latitti cr e is involved, and should 
be checked ofteri--c.ertainly before begitininp any important flight. 

The correction for cornpass deviation is exactly siiiii1:ir to the cor- 
rection for mabmetic variation, aiid we need change only one word in 
oiir rule : ADD WESTERLY DEVIATION. 

As with magnetic variation, it is obvious that if westerly (levi. 'I t' 1011 
is  to be added, easterly deviation must be siihtrticted. ++e-$- cc cc cc 

westerly variation westerly variation easterly variation eafterly variation 
westerly deviation easterly deviation easterly deviation westerly deviation 

CC = TC - Var +Dev CC P TC + Var +Dev CC = TC +Var -Dev CC = TC - Var-Dev 

N = True North TC = True Course 
M = Magnetic North Var = Variation 

C = Compass North Dev= Deviation 
CC = Compass Course 

I"rc+vnl.: :Il.-Applyiog variation arid dwiatioii t o  f i i i c l  tlir roiiiImw C ~ I I I ' H ~ .  

Fiqiire 81 illustrates the conversion of tlie true course for different 
contlitioris of variation and deviation. 

4.  TO FIND THE COMPASS HEADING 

A s  dcfirted above, thc cornpass course is tile direction by corii~);iss iii 
whicli a plane shoiild bc h c d e d  in  order to reach its destiiiatioii in 
still air, or with thti wintl parallel to the course: it also WLS defiiird 
as the true course plus or rriittus variation :ind deviatioii, but with no 
allowance for wind. I11 )rtictice. however, the sanie term is often 

for wind. 
'1'0 avoid any confusion tit this point. the use of two separate iind 

distinctive terms is very desirihle, and the following formal defini- 
tions are given : 

Compass course: The true course plus or minus variatioii ant1  
tlevititioii, hit  without tillowaiice for wind effect. 

applied to the hetiding of t h e plaiic after due :illowance has been made 
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Compass heading : The true course plus or minus variation and 
deviation, and including allowance for wind ; the direction by coni- 
pass in which the plane is pointed. 

Figure 37 provides a graphic definition of these terms. Already 
they have found limited acceptance in air navigation, and their 
general adoption is recommended. 

I n  order to make the necessary allowance for the effect of wind, 
aiid to find the compass heading from the compass course. the action 
of the wind upon an aircraft must be fully understood. 

,4 free ballooii is carried with the wind aiid at the same speed as 
the wind, just as ti cork is carried on the surface of a stream. Now if 

!*.-lo ft -" 
1 - - -- ' - I -  - -  

I~'IOLIK~: 32.-ID%~t of current 011 R boat. 

we substitute for the cork a toy motorboat which requires a minute 
to cross a small stream, and the stream is flowing at the rate of 10 
feet per minute (fig. 32), even though the boat is headed directly 
across stream i t  will still feel the full effect of the current; dnrin the 

reach the opposite bank at a point 10 feet below the point of departure. 
The solid line of figure 33 represents the path of the bortt <in cz.osshg 
the stream. I n  exactly the same way, ail airplane in flight is subject 
to the full effect of the wind, even though the plane may be moving 
under its own power in an entirely different direction. 

For example a plane headed due east, from A (fig. 33) flying at 
an air speed 02 100 m. p. h., should reach 23 (100 miles distant) in 

minute of its crossing it will also be swept 10 feet downstream an d will 

FIGIIRE 33.--Wlnd drift .  

1 hour; but, durin the hour of flight the plane has also been subject 
to the full effect o fg  a wind of 20 111. p. h., from 315'. AS indicated in 
the figure, i t  actually reaches C ,  the line AC representing the track 
followed by the plane over the ground. If the length of AG is 
measured by the same scale with which AB and BC were laid off, 
?e may determine also the speed the plane has inade over the ground 
in assing from A to C, or 115 m. 

Rir speed is the speed of the p m e  with respect to the air, and is 
the speed registered by the air speed indicator (when corrected for 
altitude, teniperature, and installation error; see p. 162). It is repre- 
sented by the line A B  in the figure. 

P' h. 



Ground speed is the speed of the plane with 
arid is the resultant of the headiiifr arid air 
direction and velocity of the wind. It 
AC' in the figure. A B  is the compass heading, while AC' is the track, 
or line of flight. 

Figure 33 illustrates what \voultl happen if a ilot followed a corn- 

shown, the plane would pass well south of and beyond its objective, 
the angle RAC' being known HS the drift angle. I n  order to avoid 
such an error, the plxiie Inlist  be headed into the wind at such an 

pass course without regard for wind  effect. -t; nder the condition8 

- -  
- -  

l~'i(.uiih 24. ( 'orrwti i ig  for t tw c*ffc*ct of current oil :t bnnt. 

angle that the effect of the wind is counteracted: if this is done cor- 
rectly the plane will be over the intended track throughout the flight. 
This angle a t  which tlie plane must be headed into the wind in orcler 
to make good the intended coiirse is kno\vii as the wind correction 
angle. 

Many oilots think that thev have s:Ltisfactorilv corrected for 
wind e&& if they turn into the"wind the same iiumher of degrees as 
the observed drift angle; however, if we return to the illustration of 
the toy motorboat,, we may see that the wind corrediori angle is 
always greater than the drift angle. Referring to figure 34, if the 

D _- - -  113 mph ---* 

C 
1~'1(~urifi1 ::Fi.--Corrc~ction to V O I I ~ H ( -  f o r  wiud, nnd determinntion of nround speed. 

k boat is headed to\vard a point 10 feet upstream from the stcirtin 
point A i t  will require as much time to cross the stream as thoupi 
it actuaily traveled the line AB. Since the time required is more 
than 1 minute, the boltt will be carried more than 10 feet down- 
stream in crossing and will reach the opposite bank at a point 
downstream from the startirig point, the line A 0  representing the 
actual track of the boat. To reach the other bank a t  a point opposite 
A. the boat must be headed toward a point more thnn 10 feet 
upstream. 

When the wind direction and velocity w e  known a pilot can deter- 
mine g~aphically the wind correction angle required to make good 
the intended course. The procedure is as follows : 
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The true course from A to a distant point, D (fig. 35) is found to 
be go”, or due east. From the point of departure, A,  on any con- 
venient scale lay off A C  to represent the direction and velocit of 

describe an arc meetin the intended track at 0. Draw AC’ parallel 

AC’=CO=air speed of plane; C’O=A&=wind d i r e c t i o n  and 
velocity; and the angle C’AO is the wind correction angle? or the 
number of degrees the plane must be headed into the wind in order 
to track the line A D  exactly. The angle may be measured with a 
protractor and ap lied to the compass course (obtained by correcting 

A 0  is measured and found to represent 113 m. p. h., the ground 
speed along the route: from the ground speed the exact flying time 
between A and D can be obtained. 

dC’ represents the compass heading, or the direction in which 
the plane must be pointed in order to make good the intended 
track AD. 

the wind. From C,  with radius equal to the air speed of the p 9 ane. 

to CO, and C’O para1 f el to AC. In  the fi ure it is now evident that 

the true course o P 90” for variation and deviation). 

CH CC - W CH = CC + W CH-CC+W CH-CC- W 

C - Compass North CC = Compass Course 

CH - Compass Headlng W = Wind Correction Angle 

F~CURE 2C.--Combiniog comy:tss course and wind correction to And the comimss heading. 

I t  must be remembered that wind directions given in weather re- 
ports are true directions : in constructing the “triangle of velocities” 
to obtain the wind correction and ground speed, the course and the 
wind direction both must be in true directions, or both must be con- 
verted to compass directions. The results obtained would be the same 
whether true directions or compass directions are used, but it is 

162915°-39+ 
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rections must be determined and applied. For the best methods 
of doing this while in the air, see Appendix, pages 159-178. 

Practically all methods of determining ground speed are based 
on the assumption of constant air speed, which in turn is based on 
the assumption of level fli ht. Quite obviously, the forward speed 

for any such periods should be made when determining the position 
along the intended track. 

Figure 36 illustrates the application of the allowance, or correc- 
tion, for wind effect under varying conditions. For  any particular 
case it is believed that a rough sketch similar to one of those in the 
figure mill remqve any doubt the pilot may have as to whether the 
allowance for wind should be added or subtracted. 

over the ground is materia f ly reduced when climbing, and allowance 

N = True North (geographic meridian) 

M = Magnetic North 

angle NOM = Magnetic variation (westerly) 

C = Compass North 

an'gle MOC = Compass deviation on thls heading (westerly) 

angle 1 = True Course 

angle 2 = Magnetic Course 

Bngle 3 = Compass Course 

angle 4 = Compass Heading 

AB = Track (or intended track) 
FIQIJRE ::'?.--Oraphic definition of terms used in  dead reckoning. 

By com aring the various parts of figure 36 we can formulate this 

from the left, subtract. This may be remembered more readily if we 
follow the form of our rule for a lying variation and deviation, 
making this rule read, ADD W I 8 8  RIGHT-and, of course, we 
would not wish to add wrong! 

There are many methods of obtaining the wind correction and 
ground speed when the wind direction and velocity are known, but 
the method just outlined is the foundtition on which all others are 
based, and is certain to find frequent use. Anioiig the other types of 
solution commonly used, the following may be mentioned : 

1. Tabular sohtions.-These are of two kinds, ( a )  EI special table, or series  of 
tables, baNrd upoii the air speed of each partlciilar plui ie;  (b)  &I general tiihle 

eneral ru f e : For wind from the right, add the correction ; for wind 
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giving wind velocities in percent of a i r  speed. For  convenient nse thew per- 
centages should be converted hito wind velocities corresponding to the nir speed 
of any given plane. 

2. Mechanical solutions, in which the triangle of velocities and other n:ivig:i- 
tional problems are solved by mectns of mechaiiical devices. 

3. Graphic solutions, in which lengthy tnhuliited corrections have been reclnced 
to the form of simple graphs (see Appendix). 

By way of summ:iry, figure 3’7 :iffords a graphic definition of the 
terms commonly used in navigation by dead reckoning. and of their 
i~iterrelation.~ 

CASE I1 

In the preceding discussion only the first of the two cases of dead 
reckoning h:is beeii considered. namely, deterniiiiin from the cliart, 
when planning a flight :ind before taking off, the fistance and com- 
pass heading to be followed. 

The second cxse is concerned with plotting on the chart while in 
flight. from the observed compass heading and ground speed, the 
track being made good and the position of the plane along the 
track at any time. It may seem that this should never be necessary 
if the course is properly determined before beginning the flight ; 
however, wide departures from the charted route are altogether pos- 
sible, intentionally or otherwise. I n  this event it may happeii that. 
after leaving R certain positioii the oiily data which can be obtained 
are (1) the compass heading, (2) the approximate ground speed. 
and (3) the elapsed time. 

Essentially, this problem is the reverse of the first. I n  Case I we 
start with the true course measured on the chart and apply variation, 
deviation, and ail allowance for wind effect in order to obtain the 
compass heading. In Case 11, sttirting with the compass heading 
observed in flight, all these factors are included nnd must be taken 
away in order to obtnin the true course to be plotted on the chart. 
Obviously, then, all the rules of Case I must be reversed: whatever 
would have been added then must be subtracted now, and vice WI’SR. 
This process of “taking away” may be called rectifying. As in Case 
I. four steps are necessary: 
1. Rectify the  compass heading for deviation to ohtriin the inngnettr hezi(ling 

(ningnetic direction in which the plane is pointed). 
2. Rectify the magnetic heading for variation to obtcitn the true Iiewling ( t rue 

direction in which the plnne is pointed). 
3. Rectify the  t rue  heading for wind to ohtnin the triie eniirse (tr:ick) he ing  

made good over the ground. 
1. Plot the t rue course on the  chart, using the snnie proeedurr ontlinetl for 

nieasuring n coiirst’. 

4 For utmost wrcixion, the rorrection for compnss deviation should be npplled last. 
nfter the  cqrrection for wind iins Iwen nppiied. ns tlie (ievintion on the Rnnl IleHdinK mny 
differ somewhat from the devlntion for the no-wind heading. For this renson s o m ~  
recommend tha t  the four steps he taken up in the following order: 

1. Measure the true ronrse. 2. (‘orrect for wind. ... (’orrect for \ arlntion. 
4. Correct for deviation. 
However the three frictors nf t rue course vnrlntion nnd deviation all nre known when 

working with the chart. \vhile the wind inforinntion 1s usnnlly the  last to be known nnd 
must even be revlsed frequentlv while in flight. The ndrnntnge oP being able to npply 
flt one time, while working wi th  the chart. all corrections except thnt  for wind, in mnst 
rnses outwei lis the theoretical gain in reciRioll tha t  might result from applying devln- 
tinn lnst I f  the rompnss is not propert, installed and compenonted, and the devlntionn 
on udjncent headings nre lnr e or appreclnblv different, i t  IS obvious thnt  derintlon 
Nhould be applied last * hut if t t e  rompnss is pr6perlv COnipPIIsflted the difference In derln- 
tion between adineeni 1ieitdingH ordinnrllv should ‘he so m a l l  ns to he negligible in 
rwictice, nnd the‘ order of procedure given in the  preceding pnyes is consldered Iwefernble. 
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1. TO RECTIFY THE COMPASS HEADING FOR DEVIATION 

I f  we remember the rule laid down that to convert a magnetic 
course to a compass course under Case I we ADD WESTERLY 
DEVIATION, it is evident that to rectify the conip:iss headiiig we 
must reverse the process a i i d  subtract westerly deviation ; easterly 
deviation, of course, should be added. 

2. TO RECTIFY THE MAGNETIC HEADING FOR VARIATION 

As with deviation, we must reverse the rule of Case I, subtracting 
westerly variation and adding easterly variation. 

I f  there should remain any confusion as between adding in Class I 
and subtracting in Case 11, i t  should be necessary only to remember 
that problem one, finding the compass headiii from the chart is 
norniall the first and basic operation, and for ease I we must AbD 
WESTJRLY varintion or deviation. For  the second operation, per- 
formed in the air, we simply reverse the procedure. 

TC - TH - D 

TH = True Heading 

0 - Drift Angle 

TC = TH + D TC - TH + D T C - T H -  D 

N Q True North 

TC - True Course 

Floum 38.--Combining the t rue h w d i n g  and  drift to And the track (true course 
made good). 

8. TO RECTIFY THE TRUE HEADING FOR WIND 

When the drift angle can be obtained, the true heading of the plane 
may be rectified for wiiid siniply by adding or subtracting the drift 
an le. 

f’igure 38 illustrates the rectifying of the true heading for wind 
under varying conditions. By comparing the various parts of the 
figure, we see that here, again, we reverse the rule of Case I, and 
subtract the drift angle for wind from the right. 

When drift  observations are not possible because of adverse weather 
conditions, the true heading is rectified for wind by means of a tri- 
an le of velocities (see example 4, p. 136), using the wind direction 
an 3 velocity as given in weather reports or as last known. 

steps, there remains only the problem 01 lotting it on 

a bearing; if we are to avoid error it must be potted, F 

4. TO P M T  THE TRUE COURSE ON THE CHART 

Having obtained the true course (track from the three 

Here we must remember again that we are lealin with a course, not 
not with the 

meridian of the last known position, but with the meridian nearest 
halfway between that position and the new position. 
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This may be done satisfactorily by estimating roughly the course 
and distance on the chart, selecting the meridian nearest half way, 
laying off the course therewith, and paralleling the line so obtained 
with :i line through the last known position. 

To illustrate, in figure 39, A marks the last known position of a 
plane and the known'data are as follows : 
Compass heading in flight 
Ground speed (approxiinate _-____-___________-______________  
Elapsed 
Drift angle (wind from left) - - _ _ _ _ _ _ _ _ _ _ _  ~ 

Compass deviation on compass headiiig of ST," _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Magnetic variation, average, froin chart 

55 
110 in. I). 11. 

1 hr. 20 min. 

3" w. 
10" 

7" E. 
The true coiii-se is found in ticcord:mce with the rules already given, 

1. Miigiietic lie:iding=Comp:iss 1ie.adiiig-deviatioil (westerly) , 

2. True heading =Magnetic heading+variation (easterly). 

3. Triie course =True heading+drift angle (wind from left) 

as follows: 

- - &$O -3" =E'". 

=52" +7"=59". 

= 59" + 10" =6W. 
4. The approximate distalice rovered in lh!20"' a t  110 m. p. h. is 147 miles. 

By inspection it is seen that 147 miles on a true course of 89" crosses approxi- 
mately 3" of longitude. The roiirse angle of 69" is measurrd with the nieridinn 
nearest halfwny, 130'  east of A. at any coonvenient iutersection, 0. and the line 
TC obtained. The line AB, drawn from A pnrallrl to TC, is the dead reckoning 
track made good; a point. B, on the track h e ,  147 miles distant from A, marks 
the position of the plane by dend rec3koning. 

I~'IYURE 3%--l'lotting OIL tlie clmrt the tritck. or true votirse ~ n n t l ~  good 

The following conqmrison inay serve to fix in niind the procediire 
in tlie two general cases of dead reckoning: 
Case I: Chart to  compass heading: 

1. Merisure the true course. 
2. ADD WESTERLY VARIATION. 
3. ADD WFdTERLY DIWIATION. 
4. A D n  WIND BIGHT, i. e., rldd tht. 

rorrection for wind froin riglit. 

Case 11: Compass heading to  chart: 
1. Subtract westerly deviation. 
2. Subtract westerly variation. 
3. Subtract wind right, I. e., for wind 

4. Plot trne course on chart. 
froin the right. 
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SPECIAL PROBLEMS OF DEAD RECKONING 

RETURNING TO THE INTENDED TRACK 

As already stated, intentional departures from the plotted route are 
sometimes iiiade in order to avoid unfavorable weather conditions, or 
for other reasons ; often, however, the departure is unintentional aiid 
is not realized until the position is definitely determined in flight, by 
reference to known landinarks or other methods. Ordinarily, when a 
departure from the intended track is noted, a new course is laid out 
on the chart from the newly determined position to the destination; 
by applying variation, deviation, and a revised allowance for wind, 

A Intended Track B 
Wind 

D (no allowance made) 

H ’ I ~ W R ~  -IO.-Departurr from intended track due to failure to aiwly correction for wind. 

the proper conipass heading to make good the course is obtained. 
Under other conditions it may be desired to return to the intended 
track and com lete the flight as originally planned. 

methods are practiced. Some of these are unsound in principle, and 
are therefore not very satisfactory. To be satisfactory, any method 
must take into account the reasons causing the departure. For ex- 
ample, in figure 40, a pilot is flying from A to B, 100 miles due east, 
at 100 m. p. h. After 30 minutes of flight when he should be at  C,  he 
finds himself directly over a town at n. Since he was making no 

To return t P le plane to the intended track many approximate 

30m= 15 mi (allowance tor reported w n d )  

B 
lnlended Track 

FIGURE 4l.--Departure from intended track due to overcorrection for wlnd. 

correction or  allowance for wind, the line CD represents the direction 
aiid velocity of the wind; A D  is the track, and the angle CAD is 
the drift tingle. 
In figure 41, on another occasion a pilot is flying between the same 

two points, iiiaking ullowance for a northwest wind of 30 m. p. h. 
After proceedill on the proper heading AT‘ for 30 minutes he should 

wind was only 20 111. p. h., instead of 30 m. . h. as reported. It 

conditions will require a procedure different from that required in 
the preceding figure. 

A good genertil rule to follow is to head the plane toward the in- 
tended track u t  an angle of about 45” thereto. Allowance for wind 

be at  C’, but fin f s himself over a town at  E, due to the fact that the 

should be evident that to return to the inten c f  ed track under these 
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call be made, taking into account the wind data just learned from tlie 
determination of position, and tlie time of arrivi~l over the plotted 
route can be foiiiitl with a fair degree of accurncy. 

The simplest inetliod (if the wind is at such an angle to the plotted 
route that it is practical) is to.line the plane lip with the wind. ap- 
proaching the intended track directly into tlie wind (tip. 40). or with 
the wind (fig. 41). 111 either case the ground speed may be known 
from the air speed of the p l m e  and the wind velocity, and the time 
of arrival over the intended track is most easily determined. 

RADIUS OF ACTION 

By radius of action is meant the dist:inre an aircraft may fly, with 
n given anionnt of fuel and given wind conditions, Hiid still return 
to the starting point. The solution of this problem also includes 
the courses to be steered on the flight out nnd oil the return trip, the 
groiinrl speed in each direction, and the time to turn back. 

FK:CIRE 42. Riidiiis of :trtiou : triitnylr of \elorities for flight out. 

This problein is importmt to the private pilot in determi nin how 
far (or how long) he may fly in t i  articnlrw direction an$ still 
retmn to the starting oint before drur li c ;  how long he may fly over 

return trip, :~nd so on. I t  is important to the transport pilot when 
the weather at his destination is doubtful and he wishes to know 
how long he may contiiiue towird his destinirtion m d  still be able 
to retnrn to his stwrting point. if need be. 

Faror:Lble winds reduce flying time for :L one-way trip. brit if the 
same wind continues for the return flight the round trip nlwnys 
requires more flying time than it would if there were no wind. 111 
other words, for a two-wny trip wind is d w t y s  N hindrance, never 
a. 11elp.5 

scenic reeions and stil 1p be certain that he has enough fuel for the 
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Radius of action problems consist of two parts, each of which 
iiiay be solved b a triangle of velocities similar to that shown in 

(fig. 42) as far  as possible toward a distant point D ,  and return to A. 
Cruising speed of plane 100 m. p. h., wind 20 m. p. h. from the west 
(270°) ,  true course 60" for tr ip out, '240" for return flight. The total 
time available is 3 hours. Figure 42 is the triangle of velocities for 
the flight out, figure 43 the triangle for the return fli ht. I n  each 
case the correct heading to steer is ascertained, a n 8  the ground 
speed that will be made good along the corrected heading. 

I n  practice, these two triangles are usually combined into one 
figure, as shown in figure 44, in order to save time in laying off angles 
and distances. Having found the ground speed out and the ground 
speed back, the radius of action for each hour of flying time available 
is found from the formula. 

figure 35. To il 9 ustrate, let it be required that a plane fly from A 

~. - 

ground speed out X ground speed back 
ground speed out + ground speed back ' radius of action==- 

E'J(;URP: 4H.--Radlii~ of action ; triaiiglr of velocities for i'rturn flight. 

I n  the example just given, then, 

117+82 radius of action= '17 82 =48.2 miles for each hour. 
Since 3 hours of flying time are available, the total radius of action 

is 3X48.2, or 144.6 miles. The time required to reach the point of 
turning back is the time required to fly 144.6 miles a t  the ground 

144 6 speed (out) of 117 m. p. h., or - =1.24 hours, or 1 hour 14 min- 117 
Utes. 

From the above example i t  should be obvious that the radius of 
action is the same whether the flight out is with the wind or against 
the wind. I f  the example were reversed, fi ure 43 would represent 

be used to compute the radius of action. In this case, however, 
the time to turn back would be the time required to fly 144.6 miles 
a t  the ground speed (out) of 82 m. p. h., or 1.76 hours=l hour 46 
minutes. 

the flight out, figure 42 the return flight, an 2 the same values would 



(figure 4 3  A 

(figure 42) 

.' 
FIGURE 44.-Radius of action; triangle for flight out combined with triangte for return flight. 
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It is also of interest that minimum radius of action exists with 
wind parallel to the route (head or tail winds); maximum radius 
occurs with the wind at right angles to the route. 

Results obtained as above are precise; f or mang purposes, less 
exact values are satisfactory, and a convenient ta le showing the 
approximate radius of action for various wind conditions is given in 
the Appendix, page 176. 

1~”rc:UIiE 45.--Hadius of action when returning to nome place other than tbe starting point. 

A more difficult problem, but one which may prove valuable in 
an emergency, is that of determining the radius of action before 
returning to some point other than the starting point. For exairi@e 
(fig. 45), a pilot leaves an airport a t  A, for a distant point B, with 
just 4 hours fuel supply, aside from the required reserve. Weather 
conditions at B are very uncertain, but conditions at  C are satis- 
factory and are expected to remain so. How far may he proceed 
toward R and still have fuel enough to reach C if advised by radio 
that the weather a t  B has closed in altogether8 
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The known data are as follows: 

AR=350 miles, true course 50°. 
BC=140 miles due south. 
Air speed of plane. 90 m. p. h. 
Wind, 30 m. p. h., from 270". 

The first step is to plot the three points, A ,  R ,  and (7, i n  their 
proper relative positions. The line AB, drawn :it an an le of 50" to 

tlxck, or the true course it is desired to make good. 
The next step is to construct a triangle of velocities ADE, in order 

to determine the correction to the course for wind. The true heading 
to be steered, AF,  is laid off, equal to the total time availttble mnlti- 
plied by the air speed of the plane-in this case 4 x 9 0 ~ 3 6 0  miles. 

From (7 lay off CC: into the wind and equal to the wind velocity 
multiplied by the total time in the air, which is 4x30,  or 120 miles; 
draw FG. 

Nest it is desired to draw a line from G to some point H on the line 
AF, so that H G = H F .  The easiest way to do this is to erect 21 per- 
pendicular to the line FG at its middle point; the intersection of this 
perpendicular with AF provides the point H ,  and by simple geometry 
H Q = H F .  

A simple explanation of this seemingly coniplicated plotting now 
becomes possible. A plane leavin A on the heading AF with 4 

Since H G = H F ,  it may also fly an air distnnce represented by 
A H + H G  in 4 hours' time; but since R plane in flight is also subject 
to the full effect of the wind (see p. 39), the plane in this ctwe will 
have been drifted due east a distance equal to the wind velocity 
multiplied by the total time in the air, or 30X4=120 miles=the line 
CG, by construction. 

We may now see that if :I plane flies the headings A H  and R G  for 
a total time of 4 hours, and during the 4 hours is subject to a total 
drift represented by CG, the f i i d  position of the plane will be the 
point C .  Also, the heading AF w w  deterniined in order to make 
good the track A B ;  in flyin that lwldill an tiir distance equal to 

line HJ,  and will have made good the track A J .  
The point J is the farthest point to which the pilot may fly toward 

B and still be able to arrive at C within 4 hours of flying time. 
JG', parallel to R G ,  is the heading required to make good the 

desired track JC. 
The time required to reach the point of turning back may be found 

either by scaling the distance AJ iind dividing by the ground speed, 
or by scaling A H  and dividing by the air speed. AH meiisures 248 
miles, which divided by 90=2 hours 45 minutes; JG' nietisures 112 
miles, which divided by 00=1 hour 15 minutes; total. 4 hours. 

the meridian halfway between A and B ,  represents t % e intended 

HJ is drawn parallel to the wind. 

hours' fuel supply can make good t R e air distance represented byAF. 

A R ,  the plane will have dri P ted eastwnrd t y an nmount equal to the 



Chapter 1V.-RADIO NAVIGATION 
THE IMPORTANCE OF AERONAUTICAL RADIO 

I n  many respects, radio navigtation offers the simplest and easiest 
method of position-finding in flight. I t s  importance is steadily 
increasing, not only because of improved equipment and an increas- 
ing number of aids, but also because it continues to function in blind 
flying, when other methods fail or become very uncertain. 

For the United States, a chart on the Lambert projection is ideal 
for all methods of radio navigation., since its meridians converge so 
nearly in conforinity with the meridians of the earth that no cor- 
rections nor computations of any sort :ire required. A radio bearing 
may be plotted directly and correctly on the chart. 

THE RADIO RANGE SYSTEM 

Of the various methods of radio navigation, perhnps the siniplest 
and best known is provided by the radio rmge system of the Civil 
Aeronautics Authority, illustrated in figure 46. 

Each radio ran e station marks four courses, or equisignal zones, 

in order that the courses may coincide with the established airwa s. 
For example (see iig. 47), the northerly course of the Nashville ralio 
ran e station is directed along the Nashville-Loiiisville airway; the 

and the southwesterly course serves the airway from Memphis. $hi 
easterly course serves no particular airway. The four courses from 
each station are obtained as follows: 
Into two di:igonall op osite quadrants (fi 47) the letter N 

quadrants the letter A (. -) is transmitted. Each quadrant s ightiy 
overlaps the neighboring quadrants, and in the narrow wedge formed 
by the overlap the two signals are heaid with equal intensity, the dots 
and dashes of the two sign:~ls interlocking to produce a continuous 

Thus, a pilot will hear the continuous dash 
w ile he is 011 course; if he deviates to one side of the course he will 
hear the dot-dash (a) signal. and if he deviates to the other side he 
will hear the dash-dot (N) signal. 

On the aeronautical charts of the Cotist and Geodetic Survey the 
radio runge system is shown in a pink tint, and the A and N quad- 
rants of each station are indicated by conspicuons letters. By refer- 
ence to the chart pilots may know from the signals received whether 
the are 011 course, or to the right or left of the course. 

J h e  on-course (equisignal) zone is about 3" in width, depending 
largely u on the orientation of the courses, the receivin equipment 
used, an% the technique of the observer. Maximum s Yl arpness of 
course is obtained with the receiving set tuned to the minimum prac- 
tical volume. 
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which are norind f y 90" apart, although this *acing is often varied 

sout a easterly coiirse is directed along the airway to Chattanoo a *  

pair Of 
(- .) is transmitteJin Xorse code, and into t T; e remaining 

al, or monotone. 



FICCRE 46.-The radio range system of the Civil Aeronantirs Authority. 
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As an aid to oi*ientation, a uniform procediiw i s  followed in the 
desi iation of qtiadrants. The letter N is always assigned to the 
q u a f h ~ t  through which the true north line from the station passes ; 
or if the center of an equisignal zone coincides with true north, the 
letter N is assigned to the adjacent quadrant on the west.' 

The range signals are interrupted about twice each minute for the 
transmission of the identifying signal of the station, which consists of 
two letters in  continental code. This signal is always 
transmitted first in the N pair of quadrants, then in the A quadrants. 
If a pilot is near the bisector of an N quadmnt, he will hear the dash- 
dot ( N )  signal, followed by the identifying s i p d ,  but will not hear 
the dot-dash ( A )  signal, nor the identifying signal which is trans- 
mitted into the A quadrants. 

(See p. 178.) 

FIGURE 47.-Nashville radio range station. 

I f  he is on course, he will hear a dash, or monotone 25 seconds long, 
(the A and N signals interlocked) followed by the identifying signals, 
which are transmitted first into the N quadrants and then into the A 
quadrants. As long as a pilot remains in the equisi nal zone, the 

heard with equal intensity; when fl  ing a radio range course, there- 

instead of trying to maintain the on-course monotone. I a departure 
from the course occurs, one identif ing signal becomes noticeably 

weaker, the pilot knows he is in an A quadrant; if the second signal 
is weaker, he is in an iV quadrant. I n  either case, of course, he knows 
his position with reference to the equisignal zone. When off course, 
experienced pilots are able to estimate approximately the angulttr 

identifying signals from both the A and the N qua 8 rants will be 

fore, some pilots steer so as to keep t t ese two signals of e ual strength 

weaker than the other; if the first o f the two signals received is the 

8 

, ,  
1 In ('anadn a different system of orienting range coiirRes IR practiced. Pilots flying 

into Canada should obtain local inforniation. 
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depzrrture from the course by means of the relative strength of the 
two identifying signals received. 

Under good receiving conditions the first method (flying so as to 
maintain the on-course monotone) is more precise ; under unfavorable 
atmospheric conditions the latter method is generally preferred. 

The range signals are nlso interrupted at scheduled intervals for 
brief weather reports of interest to those flying the airway on which 
the station is located. I n  order to provide continuous range operation 
in emergencies, weather broadcasts may be omitted 011 request. Re- 
cent installations of the Civil Aeronautics Authority provide for 
siniultaneous reception of range sign:ils and broadcasts on the same 
frequency, thus eliniiiiatiiig the necessity of omitting either the range 
( telephone service. 

The radio range stations are usually located near R terminal airport 
or an intermediate landiiig field, and, whenever possible, they are so 
situated that, one of the four courses lies along the principal runway 
or landing area of the airport, thus facilitating radio approach land- 
ings under conditions of low visibility. 

One of the greatest adr:iiitages of this system is that pjlots need not 
be concerned with corrections for drift. As long as they keep the 
plane along the right side of the equisignal zone (with reasonable 
precaution against multiple courses; see p. 56).  they can be certain 
of the track being made good over the ground. 

the 
Civil Aeronautics Authority, a number of important terminaf air- 
ports are also equipped with privately operated airport radio range 
stations. These are exactly similar to the radio range stations 
already described, except that they are of quite limited power and 
range. They are always so located as to loctilize the landing area 
very definitely, and provide a positive control of landings in bad 
weather. The courses from the airport radio range stations are also 
shown by a pink tilit oii the aeronautical charts : however, to avoid 
confusion in the coiig.ested areas surrounding major airports, full 
information is not indicated on the charts. Pilots desiring complete 
data should obtain them from the “Tabulation of Air Navigation 
Radio Aids.’’ which is issued at fre uent intervals by the Civil Aero- 

From the foregoing it is evident that the use of the radio range 
system is basic:illy quite siniple, rind should present little difficulty 
even for pilots with no previous training in this type of navigation ; 
however, there are several factors which may prove confusing until 
the principles involved are understood. 

First, it is obvious that :is a plane passes over a radio ran e station 

ixnts. For example, a plane approaching the radio station of figure 
47 from the west will have the A quadrant on its right, the N quad- 
rant on its left, but as soon as it has passed the station the N quad- 
rant will be to the right and the A quadrant to the left. 

Directly above the :intenlitis or towers of the radio range station 
there is :I cone of silence, a limited area shaped like an inverted cone, 
in which all signals fade out. Just before enteriii the cone of silence 
the volume of the signnls increases rapidly; as t fi e plane enters the 
coue, the signals fade out :ibrnptly for a few seconds, the length of 

In addition to the airway radio range stations operated b 

nautics Authority and may be had P ree upon request. 

there is an apparent revers:iI of the directions of the A 1111 f N quad- 
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time clepending on the speed of the plnne and the diameter of the cone 
ut the level of flight. When the lane first leaves the cone, the signals 

from the station increases. I f  the plane passes over the station n 
bit to one side of the cone, and the receiver is not kept to minimum 
volume, the signals do not entirely fade out. 

Sometimes there is a momentary fading of signals, or  a false cone 
of silence, at other points tilong the airway, but this can be distin- 
guished from the true cone of silence by the absence of the surge of 
volume at  the edges of the cone, and by the nonreveiual of signals, 
which should have taken place in assing over the station. In order 

equipped with a new type of mwker beacon (“Z type”), which emits 
a distinctive, high frequency radio signal in the cone of silence. 

When flying away from a radio range station it is important to 
check the magnetic course being made good (the compass heading 
plus or minus deviation and wind effect) a t  frequent intervals, as 
multiple courses exist at some locations-particnlarly in mountainous 
country. By .checking the magnetic course bein made good against 
the magnetic direction of the range course printe5 on the chart, pilots 
can lessen the danger of following one of these false courses away 
from the established a i y i ;  also, a miiltiple course can often be rec- 
ognized by its narrow widt in comparison with the true range course. 
This item is of less importance when flyin toward the station, since 

however, i n  this case it should be remembered that such a course may 
lead over terrain that is dangerous because of hi h mountain peaks. 

A related difficulty is found in bent courses. %s a rule, the bend 
is relatively small, and is of little importance since i t  bends away 
froni and around the obstruction that causes i t ;  however, in niouu- 
tainous coiiiitry bends of as iiiuch as Go have been noted. Several 
such bends may occur in a. short distance, and to attempt to follow 
them without a thorough knowledge of their relatjon to the terrain, 
lxeviously p i n e d  under conditions of good visibility, might prove 
impossible. I f  the plane continues in strai@t flight under these con- 
ditions, the range courses seem to be swinging from side to side. 
Courses f roiii range stations using the old loop antenna usually swing 
excessively at  night beyolid 65 miles from the station. This phc- 
iionienoii is known tts night effect, and has been practically elimi- 
nated in recent instdlations by using four vertical radiators instead 
of two crossed loop antennas. I n  view of the difficulties mentioned. 
when flyin blind (on instruments) it is important to maintain an 

preting the word “nearby” a generous allowance should be made for 

“”kention of these weaknesses should not destroy confidence in the 
radio range system, which as a whole is very dependable, and the 
most effective aid yet developed. They are presented here in order 
that pilots may be ever 011 the alert, taking nothing for granted when 
the safety of life and property is at stake. 

surge back with great volume be P ore they begin to fade as the distance 

to avoid any uncertainty from t K is cause, ranges are now being 

wen n false range course would serve per f; ectly as a homing device; 

. 

altitude we 4 1 above any nearby peaks or obstructions-and in inter- 

possible uncertainty as to the position of the plane. 

‘Tliiit IN tile ec(uis1gual zone. whfcli irr norinally about 3’ in width may be broken 
U P  i l lto zi ’number of nnrrow o n - c o u w  biindn with  a total spread oi 10” 01’ 16”. or 
4 ~ * r 1 1  mort.. Hptw3en tliwe narrow on-wiirxe bancla the ])roper quadrant aigual is 
unually heard, although an 4 nignnl 18 sometimes found .in an V quadrnnt, and vice 
versa. 



N need not be concerned with cor- -. 
rections for drift  when flying the 

'-* * '\ 
* \  
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lem an accurate aeronauticd cliart is indispensable : only from this 
source can the pilot learn the identifying signals of the stations in 
his vicinity, the relative position of the four radio range courses from 
each station, arid the magnetic directions of the courses. Here, again, 
the fact should be emphasized that a chart, once sold, can be corrected 
only by the user. Before beginning' any flight in which the use of 
radio may become necessary. the charted data should be checked 
against the latest Tabulation of Air Navi ation Radio Aids and the 

the chart. 
There are several favored methods of quadrant identification and 

of finding the range course as quickly as possible. No one method 
is suitable for a11 conditionsi and the pilot should become thoroughly 
familiar with each of them in order to solve an iven problem with 

it will be assumed in each case that the pilot knows, from the signals 
received that he is in one of the two A quadrants of the Harrisburg 
radio range station, but does not know which one. 

The 90"-turn method.-This was the first method of orientation to 
be developed. I t  is still popular because of its siniplicity and uni- 
formity, and is probably as good as ally when within reasonable 
distance of a range which has 90" quadrants. 

Tinder this system a course is flown at right angles t o  the average 
bisector of the two possible quadrants (fig. 49). When the course- 
pattern of a station is not symmetrical it 4s important to use the 
average bisector, since it is equally suitable for either of the two 
quadrants in which the plane may be located. In this case, a course 
at right angles to the average bisector may be either 837" or 157". 

If the course of 337" is chosen, then it is certain that (*ourses 2 and 3 
are somewhere behind the plane. 

The pilot continues on the course of 337" until the on-course signal 
is received; through the equisignal zone until the first iz' signal oil 
the other side is heard; then niakes :I 90" turn to the right. 

He knows he has intercepted either course 1 or course 4. If it is 
course 4, the N signal cotitiiiues after the turn ; if it is course 1, the 
on-course signals will be heard first. then the A signal again. Thus 
the signals received definitely identify the course interce ted. 

I n  either case. the pilot makes a general turn to t R e left, away 
from the station. and gradually eases into the equisignal zone, as 
shown; he then follows the range course in to the station, and from 
that point on to the local airport or a more distant destination. 
When approaching the radio range station :tiid close to it. pilots may 
fly in the on-course zone; pilots flying from a station are definitely 
required to fly to the right of the equisigiial 

If the course of 157" is chosen, rather than 837". the procedure will 
still be the same as before, as shown in figure 49. 

Where multiple courses are known to exist, instead of making the 
90" turn as soon as the first N signal is heard, it is advisable to fly 
for some little distance before making the turn, selecting the true 
range course from among the several false ones encountered, if 
possible. 

subsequent Notices to  Airmen, and any c f anges should be noted on 

the least delay. In the following discussion o P B  t e various methods 

1 I'rovidetl for in the ('ivil Air Keguli~tio~ie, which rn8j be obtained from the ('ivil 
Aeronautics Authority. 
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After identifying the course intercepted, by iiieans of the 90' tiirn 
to the right described above, instead of making the general turn to 
the left it was formerly the practice in some cases to make another 
turn to the right. until the range course was again intercepted, and 
then follow it in to the station. This has the disadvantage that the 
plane crosses the course at a very sharp angle, nearer to the station; 
if the distance from the sttition is iiot great. the vonrse is so I I R P ~ O W  

FIGURE 4!l - 1 d r 1 ~ r i t i ~ ~ w t i o 1 1  t , ~  t l i v  quat1r;rnt and range t'otirw : 90"-111r11 111eth0d. 

that it iiiay be crossed without the pilot being aware of it, and further 
time is lost feeling the way back to the equisignal zone again. Also, 
i f  the plnne is close to the range station, iiiakiiig the second tnrn to 
the right iriny caiise it to cross not only the course first intercepted, 
but another coiirse HS well. In this case confusioii would certainly 
result, a i d  valuable time woiild be lost while the entire problem is 
worked out once more. 

In the example just (riven it Wilh  iishu111ec1 thikt the pilot W ~ L S  near 
the center of R N  A quilLmt ; now suppose he is near enough to one 
of the i'tincre courses tliiit lie c'an fitiiitly hear the identification signal 
transnijtte2 i l l to  t ~ i r  .Y ( j l i i i ( ~ l * t t l i t +  ils \vel1 iis tllr i(~riitifiwtioii sipJ1:11 



transmitted into the A quadrants. This meatis that he is either just 
north of course 2 or course 3. or just south of course 4 or course 1. 

If he flies the 337" course, at right angles to the average bisector 
of the quadrants, and the faint signal begins to fade. he knows he is 
flying away from the nearest on-course zone. and that he is therefore 
just north of course 2 or course 3:  he makes a 180" turn. approaching 
the equisignal zone on the 157" course, and the procedure from this 
point is identical with that illustrated in figure 49. 

I f  he flies the 337" course and the faint signal becomes stronger, 
the pilot knows he is approaching the equisigniil wne. and that his 
position is therefore just south of course 4 or course 1. He therefore 
continues on the same heading. his further procedure being exactly as 
shown in the figure. 

I f  flying entirely blind, the pilot should make sure that he is main- 
taining a safe altkude above the highest elevation in either A quad- 
rant. The highest contour shown on the chart within reasonable 
distance of the Harrisburg station is 2.000 feet. but the color gradient 
of elevations. as sho~vn in the margin, is from 2,000 to :3,000 feet; 
therefore an altitude well above 3,000 feet should be maint.dined until 
the position of the plane can be definitely known. 

Its 
chief disadvantage may be seen from figure 47. If the plane is in 
a quadrant where the courses meet at  a wide angle (as the north- 
west quadrant of figure 4'7). on a coiirse at  right angles to the 
average bisector of the quadrants i t  may be.necessary to fly a con- 
siderable distance before picking up the on-course signals. particu- 
1:irly if there is any appreciable degree of drift. 

The fade-out method.--Under this system the pi lot flies t i  course 
paralleling the average bisector of the two quadrants (instead of a t  
right an les thereto), with the volume of h i s  receiver as low as pos- 

' sible. I f the signal fades out. he knows that he is flying away from 
the station; if the volume increases. he knows that he is apl7roach- 
ing it. This procedure identifies the particular qutidrant in which 
he is flying. unless some of the difficulties nientioiied later prevent. 

Referring to figure 50, if the pilot is flying a coiirse of 67" and the 
signal fades out, he knows he is in the easterly A quadrant wit,h t,he 
station behind him: he makes a 180" turn wid flies to and through 
:in equisignal zone. As soon as the first N signd is received. he 
turns left, not more than 180'. until the on-course signal is again 
received. 

Then, with volume as low as practical. he straightens out along 
the right side of the range course arid flies until the volume fades 
out or builds up appreciably. I f  it is increasing. he follows it i i i  to 
the station: if it fades out. he makes a 180" turn and then follows it 
in to the station as a new point of departure. 

One weakness of this systeiir is that for some stations the signal 
strength is variable due to irregularities of the terrain, or night 
effect; the si nals from these stations alternately increase and fade 
so that it is fifficult to decide definite1 , without undue loss of time. 
whether the volume is increasing or P ading out. Also, in the case 
of .'squeezed courses" (that is, when the courses are not 90" apart: 
see fig. 47) it is possible to fly aw:ty from a station and have the 
signals become stronger. instead of weaker. 

Under favcvrable conditioiis, this a very dependable method. 
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It should be understood that under any conditions the greatest 
signal stren th is found along the bisectors of the quadrants, the 
lowest s ign8 strength along the ed es, where the on-course zones 

considerable distance from it, the signal strength may decrease as 
the on-course is approached, even though the station is nearer. If 
the decreased signal strength is due to approaching an on-course 
zone? the double signals of the twilight zone should be heard upon 
turning up the volume. If the twilight signals are not heard with 
the increased volume, it is definitely known that the airplane is 
proceeding away from the station. In  either case, the quadrant 
IS identified. the direction with respect to the station is known, 

are located. Therefore, flying para 4 le1 to the bisector but at a 

FIGURE BU.--ltientiiication of the quadrant and range C O U ~ N C  ; fade-out n~rthod. 

and the pilot may proceed as outlined above and us illustrated in 
figure 50. 

Several combinations of these two methods will suggest themselves. 
For exam de, after interceptin an equisignal zone, the ranee course 
may be i cf entified and followe$ in to the station by essentially the 
same procedure as that illustrated in figure 49. Also, as in  the first 
method, if the two identification signals ure heard, one loud c~nd one 
weak, and the weak one begins to fade out, it is evident that the pilot 
is flying away from the nearest range course as well as from the 
station; the 180" turn is mi& at once, and the procedure is then t is  
shown in the fignre. 
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A standard method.-For a particular situation. one procedure 
may have certain advantages : at another time a different method is 
preferable. To prevent confusion and loss of time in trying to  
choose the most suitable method when the osition of the aircraft 

fit ANY conditions that may arise. 
I t  has already been pointed out that 90O-tur11 method first de- 

scribed is not practical under some conditions. Others object to the 
fade-out method because of the excessive turning required after 
intercepting a course (see fig. 50). The following method-in 
principle, at least-has been adopted as standard by some of the 
major air lines. since it may be used satisfactorily on any and all 
ranges. 

is uncertain, some standard procedure is 2 esirable-one that will 

FIOURXI 31. -Identification ot tlrr quedrant and range cour8e : n standard method 

First, the quadrant is identified by the fade-out method described 
above, and the airplane is headed parallel to the bisector of the 
quadrant, toward the station (fig. 51).  I t  will intercept either course 
1 or course 2. 

the final approtich should be made from the west, 
over course 4. %t would be desirable, therefore, to intercept course 2 
rather than course 1, continuing on course 2 past the cone of silence 
and out on course 4, then making a 180” turn for the final approach. 
Under this “standard niethod,” the pilot assumes that he actually 
will intercept the desired course (course 2). As he enters the twi- 
light zone he changes heading so as to approach course 2 (if his 
assumption is correct) a t  an angle of 30” ; an easy turn on reaching 
the equisignal zone then brings him on course. If his assumption 
is wrong (a fifty-fift chance), he will intercept course 1 and pass 
quickly through it. $he fact that the course was crossed so quickly 

At Harrisbui 
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is notice that he has intercepted courbe 1, rather than course 2. He 
may either turn back to course 1 and by a series of turns settle down 
on that course, ultimately following it in to the station; or he may 
fly on into the northwest N quadrant for x time? then turn toward 
cohrse 4 at an angle of 90" thereto. and follow it in to the station 
upon reaching the on-course zone. 

I n  a narrow quadrant this latter method (iLpproaching a known 
course at right angles) material1 reduces the time required for 
identifying an equisigiial zone a n 1  beginning the approach. 

The parallel method.-Under this system, desiring to reach the 
station over course 2 as before (fig. 51) ,  the pilot flies parallel to 
course 1 until the on-course signals are heard, then makes :I turv 
away from the station and settles down 011 course. A 180" turn 
then heads him toward the station. 

Various other methods of quadrant identification aiid orientation 
have been used, but it is believed that those 'ust described are among 

At least one of them will be found suitable for any problem that 
ma arise. 

$he airport orientator is a valuable aid in all problems of quad- 
rant and range course identification. I n  this instrument w circular 
chart showing the airport in relation to the courses of the radio 
range, with other ertinent data, is directly attached to a disc mem- 
ber on the top of t K e directional gyro. Once the chart of the orienta- 
tor has been properly aligned with the corresponding features 011 
the ground, it remains so, as the result of gyrosco ic action. There- 

ture of t E e attitude of the airplane with respect to the range courses 
is given by the orientator cIiart--\vithont mental effort on the part 
of the pilot. 

With a radio compass using a visud indicator, quadrant identifica- 
tion is generally unnecessary, since the pilot may determine the direc- 
tion of the station and fly directly to it, setting t\ new course from 
that point toward his destination. 

I n  addition to the general problem of quaclraiit identification, 
certain other rules must be observed. For example, in order to pre- 
vent meetin aircraft flying in the o posite direction, it is important 

safeguard, the Civil Air Regulations require that flights along an 
airway be made at definite altitudes-in one direction at the odd 
thousand-foot levels as 1,000, 3,000, or 5,000 feet above sea level), 

2,000, 4,000, or 6,000 feet). This insures that there will always be 
at  least 1,000 feet verticd se art~tion between lanes flying in OD- 

airway, and other restrictions have been placed upon instrument 
flying within 10 miles of the center of an established civil airway 
by pilots not engaged in scheduled air transportation. All these 
re uiremeiits are set forth in detail in the Civil Air Regulations pub- 

the latest copy of these regulations, an to become thoronglilp 
familiar with them. 

the simplest yet developed and represent t i le best present practice. 

after, re ardless of the number of turiis, a faith € ully oriented pic- 

that pilots 8 y to the right of the ra x 1 0  range courses. As an added 

arid in the opposite $ irectioii at the even thousand-foot levels (as 

posite directions. Definite a IP titudes are fixed f or crossing another 

lis 1 ed by the Civil Aeronautics Authority; ilots are urged to obtain x 



64 U. S. COAST A N D  GEODETIC SURVEY 

Due to the effect of wind, as well as irregularities in steering, it is 
seldom possible to hold steadily to the course marked out by the 

Instead, if the pilot is slightly to the right of the course 
he eads a few degrees to the left until the on-course signals ?re 
heard, then a few degrees to the right until the off-course signals 
again predominate, etc. I n  this way he "weaves" along the right- 
hand edge of the equisignal zone, making frequent checks of the 
course by means of his compass. 

At critical points along the radio range courses there are also radio 
marker beacons. These are low power transniitters which emit a 
distinctive signal on the same frequency as that of the range on 
which they are located, and serve to inform the pilot of his progress 
along the route. When located at the intarsection, or junction, of 
courses from two radio range stations, marker beacons operate on 
the frequencies of both stations. When the pilot receives the signal 
of a marker beacon so located, it serves as a reminder to tune his 
set to the frequency of the radio range next ahead of him. 

All radio marker beacons of this type are equi ped for two-way 
voice communication. and are prepared to f urnis{ weather reports 
and other emergency information, or to report the passage of a plane, 
on request. I n  case the plane is not equipped with a transmitter, 
if the ilot circles the marker beacon the operator will come on the 

that he has received the information by a series of short blasts of 
his engine, and proceeds on his way. 

More recent installations of marker beacons are of the ultrahi h 
frequency "fan type." These beacons operate on a frequency of g7 ti 
megacycles (75,000 kilocycles), and have no f:icilities for voice 
communication. From one to four fan markers may be located 
around any given range station, usua!ly :it distances of about 20 miles. 
Beacons of this type are i n  operation on three of the four courses 
of the Newark range (fig. 52) .  The reni:iining course has no fan 
marker, since it serves no airway but is directed out to sea. Each 
such tnarker beacon transmits a fan-shaped radio pattern across the 
equisignal zone. The markers around a iveii radio range station 

three, or  four dashes. The single-dash identification is always 
assigned to a course directed true north froin a station, or  to the first 
course in a clockwise direction therefrom ; the groups of two, three, 
or four dashes are assigned respectively to the second, third, and 
fourth courses of the station, proceedin clockwise from true north. 

Newark range (fig. 52)  illustrate this practice. The signal of a fan 
marker beacon. then, identifies a particular course of :t range, and 
also a position along that course: it therefore definitely fixes the 
location of the plane. The fan marker beacons also constitute an 
important link in the system of airways traffic control. 

I n  thick weather. when visual observations cannot be made, ground 
speed can be determined by noting the time required to reach a 
given marker beacon, or from the. elapsed time between passing suc- 
cessive marker beacons, range stations. or cross beams from other 
radio range stations. 

air wit f 1 the weather for that particular airway. The pilot indicates 

. 

are identified by a succession of single das 7 ies, or by Groups of two, 

The identifying signals assigned to t F le fan markers around the 
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THE RADIO COMPASS 

There are several types of equipment under the general head of 
“radio compass.” Signals may be received aurally or visually, or 
both, by means of a loop antenna, which may be either fixed or 
rotatable. Strictly speaking, the radio compass refers to installa- 
tions employing a fixed loop and a visual indicator. With this ar- 
rangement, as long as the plane is headed directly toward a radio 
station the indicator hand remains centered ; headings to the right 
or left of the station result in a corresponding deflection of the hand. 

A .I 

I. N 

A ..I 

FIQURE 62.-Fan marker beticons around the Newark radio range station. 

The radio conipss is chiefly used as a “homing device,” and bearings 
of radio stations off the line of flight may be obtained only by turn- 
ing the plane toward the station and noting the compass heading 
when the indicator is centered. 

With the rotatable loop, bearings may be obtained without turn- 
ing the plane itself. The loop is rotated until the position of mini- 
mum signal strength, or “null,” is obtained; the bearing of the 
station may then be read from a graduated dial. By means of 
separate dials, on recent, installations allowance may be made for 
variation and deviation, so that true bearings, magnetic be?rings, 
or bearings relative to the head of the airplane may be read directly 
from the instrixment. This equipment is properly referred to as a 
“radio direction finder.” 



66 U. S. COAST A N D  GEODETIC S U R V E Y  

Both the radio compass and the direction finder are valuable aids 
when flying the radio range system. For example, if a pilot is flying a 
range course and is able at the same time to obtain the bearing of some 
off-course radio station, the intersection of this bearing with the range 
course, when plotted on the chart, definitely fixes the position of the 
plane along the course at the moment the observation was made. Or 
if the pilot is appreciably off course he may identify the quadrant in 
which he is flying by means of the obseived bearing to the radio 
station. This also informs him of the location of the equisignal zones, 
and he may proceed to the station without the extra flying required 
by other methods. 

Under certain atmospheric conditions it is sometimes necessary to 
disconnect the "sense antenna," without which it is impossible to 
determine directly whether a radio station is before or behind the 
airplane. That is, it is impossible to know whether the station is in 
the direction of the indicated bearing or of its reciprocal. I t  then 

,_-- /--- 0 
,' [@ '\ 

i \ \ \ 

a/---- 0 -, 
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becomes necessary to work an orientation problem in much the same 
manner as that used with the radio ranges. 

I n  figure 53, suppose that an airplane is being flown on a heading 
of 310' true when, at 1, the radio compass bearing of the station RS 
is determined as either 78' (station behind) or 255" (station ahead). 
I n  either case, with the loop in homing position tt YO0-turn is made 
to the left of the homing course, as at 2. This heading is maintained 
for a period of from 3 to 10 minutes, depending on the ground speed 
and the distance from the station. A 90°-turn to the right is then 
made, returning the ship to the original homing course, as at 3. I f  
the new bearing indicates that the station is now to the right of the 
original bearing (4a) the station is still ahead; if to the left of the 
original bearing (4b) the station is behind. 

Use of the radio compass merely as an auxi1i:wy for radio range 
flying is a very limited application of this equipment, however ; when 
used with charts on the Lambert projection it is as useful for direction 
finding and position determination off the airways as on the radio 
range system itself. By its use pilots are enabled to tune in any 
broadcasting station of which the position is known-commercial or 
Government-and fly directly to the station selected, merely by head- 
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ing the plane so as to keep the pointer of the indicator centered. A 
straight line drawn on the (Lambert) chart from an given position 
to the radio station in question, represents the no-win B track the plane 
would make good over the ground in flying to the station. 

Or if the pilot wishes only to determine his position, rather than to 
A to the station, he may obtain the true bearing of the station and 

from a second station determines the position of the plane. Unlike 
most other projections, the projection used for these charts is so 
accurate that no computations nor corrections for distortion are 
re uired. 

%he simplicity of plottin the observed bearings is illustrated in 

that he is near the point P and plots the observed bearing on the 
chart at the meridian nearest the assumed position, moving the pro- 
tractor along the meridian until the bearing passes through the radio 

p 9 ot it on the chart; the intersection of this bearing with a bearing 

fi ure 54. A pilot fl ing in t 73  e vicinity of F determines the bearing X 
o f the radio station 58. He is uncertain of his position, but assumes 

P. i I 
B’II.I I ( &  EiJ.-lti3dici voml)ass navigation (~‘adio bearings). 

station. For all practical purposes the line so drawn may be consid- 
ered as a radio line of position (see p. 71), at some point on which 
the plane is located. 

By 
means of equipment similar to that on the aircraft itself, and at the 
same time the above bearing was obtained, this station determined the 
bearing Y of the aircraft from the station, and re orted it to the pilot 
by radio. In  this case, the bearing is plotted wit R the meridian near- 
est RC, and the intersection of the two bearings fixes the location of 
the plane at F. 

For the plotting of radio bearings a protractor of the type illus- 
trated in figure 24 will be found most convenient. If the arm of the 
protractor is not long enough to reach from the assumed position to 
the radio station. the observed bearing may be plotted from any con- 
venient point on the meridian nearest the assumed position; x line 
drawn parallel thereto from the radio station represents the bearing. 

In the example just given, the radio direction finder station wns 
introduced in order to illustrate the plotting of bearings so deter- 
mined. A41so. for the snkc of simplicity it was assumed that the 

In the same figure, RC’ is a naval radio direction finder station. 
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bearin of the plane was determined there at the s:inie time that the 
pilot o f served the bearing of the other radio station; in practice, this 
could scarcely be the case. The services of a direction finder station 
are not always available, and even if they were, some time interval 
would certainly elapse between the determination of the two bearings. 
I f  the pilot must determine both bearings himself from the plane, an 
appreciable time interval may intervene. 

When any considerable time ela ses between the determination of 

known as a “running fix.” For  example, figure 55 illustrates the 
same problem as that of figure 54, except that the direction finder 
station RC is replaced by a second radio station R, and that after 
obtaining the bearing X ,  the plane flew due east (true) for a period 
of 10 minutes a t  a ground speed of 180 m. p. h., before obtaining the 
bearing Y of the second radio station. 

In 10 minutes a t  a ground speed of 180 m. p. h. the plane will 
have traveled 30 miles. From any convenient point 2 on the line 
representing the bearing to the first station, draw a line ZZ’  running 

the two bearings, the position of t i e plane is determined by what is 

FIGrrRE 55. - K f ~ d h t  vomptcuc i i n \ i ~ n t i o [ i  , tl “rUnnl1ig fix ” 

due east a distance of 30 miles. Then through the point Z’ draw a 
line parallel to the original bearing line; the intersection of this line 
with the plotted bearing of the second radio station fixes the position 
of the plane at the time the second bearing was obtained. Note that 
the bearing Y is plotted with the next meridian east of the one used 
for plotting the bearing X, since the assumed position has also moved 
30 miles eastward, and is now nearer to the more easterly meridian. 

If, after carrying forward the bearing X ,  it is found that the assunied 
position is greatly in error-say, by one degree of lon itude6 or 
more-a more accurate determination of position may f e  had by 
replotting the observed bearings at the mendian nearest the fix. I n  
the second plotting of the bearing the line representing the bearing 

4 From n theoretical standpoint the nearer the point selected is to the correct position 
of the plane at  the time of the krst observation, the more n@curnte will be the results. 
In oractice. however. “anv convenient ooint” wlll be well within nnv demred limits of 
accuracy. ‘ 

e A n  error in 
accurncg of the 

the latitude 
result. 

of the nswmed positlon, however grent. wi l l  not affect the 
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of the first radio station niust still be carried forward to obtain the 
fix, exactly as in the first plotting.fi 

When the radio station observed falls within the limits of the 
chart being used, the niethod illustrated in figure 54-plotting the 
observed b e a r i q  from the meridian nearest the assumed position P 
through the radio station-is the simplest and most accurate. When 
using the sectional charts for this purpose it is quite likely that the 
station observed may be off the chart. In  this case,. since it. is not 
practical to join the two charts while in flight, it will be necessary 
to plot the bearing directly from the radio station on the adjoining 
chart to the border, and to measure the angle at which the plotted 
bearing crosses the last meridian before reachincr the border; the 
point of crossing that meridian must then be trans?erred to the other 
chart, and the bearing line continued at the same angle. 

To plot the bearing directly from the station some pilots add (or 
subtract) 180" and plot the reciprocal bearing, but this is inaccurate. 
Due to convergence of the meridians (see p. 30) the bearing at the 
radio station is never the reciprocal of the bearing observed at the 
plane. The bearing to be plotted from the radio station is obtained 
as follows: 

1. To the bearing observed wt the g l ~ n e .  2tdd (01' siibrrwt) 180". 
2. If the PLANE is WEHT of the radio station 4 1 ) ~  V l o  of a degree for each degree 

of longitude between them; if the plane is east of the stfttion siibtract t&o of 
a degree for each degree of longitude. 

It will be noted that the foregoing riiles follow the same form 
as our rule for applying m:ignetic varititioii and deviation, and that 
the rule begins with the plane, where the bearings are actually 
determined. The rule may also he remembered from the familiar 
initials. PWA. 

SPECIAL CHARTS FOR RADIO DIRECTION FINDING 

The preceding discussion and uret hods i ~ p p l y  to ill1 staiidard aero- 
nautical charts on the Lainbei.1 projection, illld are essential to a 
clear understanding of the snhject. However, the scale of both the 
sectional and regional charts is too large for conveiiient iise i n  this 
work, while the scale of chart No. 806On is too small. To bridge 
this gap arid to provide the quickest and easiest means of position- 
finding from radio bearings, the series of aeronautical ch:irts for 
radio direction finding was designed. 

These special charts are iLt it scale of 1 : 2,000,000. six charts being 
required to cover the TJiiited States (fig. 3) ,  with generons overlaps. 
As a result, it is seldom, if ever, necessary to plot a bearing from a 
station on an adjoining chart. 

Around each radio ran re station there is a special compass rose 

meridian. These compass roseb are intended primarily for plotting 
(see fig. 15) oriented to t B c magnetic meridian instead of the true 

"For utniobt yrecisioii only the last bearing aliould be plotted a t  the nwridiwn 
nearest the fix * the flrst b e n ~ k g  should be plotted at the meridian nenrest the point 
where it WIIR ;tiserved and then carried forward. This meridian could be Pound by 
CnrryiTig the fix back.w&d the dead reckoning dlatance and direction made nod betwetw 
the two benr lnn~ .  boweter if both h~nrlngrr are plotted at the samr nieri8lnn rind tlie 
flrst bearing i n  t l h  rarri;d forward the mnximum error in the Ax with R run of 50 
m f l ~  or more between the two ol i~c~vwtlons,  would onlv be about 1 'mile for ~ve'ry 100 
milea dlstance from the radio atation. which is too Hmall to justify the longer Iirocedure. 
Regaidless of the meridinn selected for plottlng the first bearing the line must still be 
carrled forward 11s rbscribed rllmve. 
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reciprocal bearings, and therefore the larger (outer) figures read 
froni 0 a t  magnetic south. When plotting bearings from these 
stations it is not necessary to add or subtract 180’ to obtain a recip- 
rocal bearing, nor to apply tlie correction for convergence described 
in the preceding section. It is only necessnry to draw a line from 
the radio station through the graduation corresponding to the ob- 
served magnetic bearing (using the outer figures). The line so 
drawn is the deyired line of position. 

Some inaccuracy is introduced by this met hod, since the magnetic 
variation at the station is used, rather than the variation at the point 
of observation (that is, at the position of the plane) : also, no cor- 
rection is made for convergence of the meridians. I f  utmost accu- 
racy is required, corrections may be applied for these two items. 
The correction for convergence has already been described (p. 69). 
The difference between tlie magnetic variation at the airplane and 
at  the radio station should be added when westerly variation in- 
creases toward tlie station, or when easterly variation decreases 
toward the station: subtracted if the reverse. I n  the majority of 
cases, this correction will be of the same sign as the correction 
for convergence. 

Some may more readily understand the application of tlie correc- 
tion for the difference in variation b thinking of vnriation as being 
a maximum in the eastern United Jtates nnd gradually decreasing 
through zero (at the agonic line) to a minimum on the west coast. 
The rule may then be stated tis follows: ADD the difference if the 
variation at the plane is LESH than at the radio station; subtract if the 
variation at the plane is greater. 

For all ordinary purposes these two corrections need not be applied. 
In planning these charts it was felt that the rapid and frequent deter- 
mination of approximate positions was more desirable than more 
tedious though more exact methods-pHrticular1y in view of the 
limited accuracy of radio bearings now attainable. 

A number of corrimercial radio broadcasting stations, selected with 
regard to their suitabilit for radio direction finding. also appear on 
these charts. Because o P congestion it is inkpossible to print compass 
roses around these stations, arid bearings from them must be plotted 
in the conventional manner described in the preceding section. 

ERRORS OF THE RADIO COMPASS 

(See exatnple 8. p. 154.) 

Like the magnetic compws, and for much the satne reasons, the 
radio compass is usually subject to deviation on some headings. This 
may be determined and applied in exactly the same way that devia- 
tion of the magnetic compass is determined and applied; however, in 
some installations, especially when the rotatable loop tititenria is used, 
the deviation is incorporated in the dial scale so that bearings may be 
used directly as read. Obviously, this is to be preferred. 

It should be renienibered that radio compass bearings are subject 
to the same distortions that produce multiple radio range courses in 
mountainous country. They are also affected by interference between 
stations broadcasting on the same frequency, and by “night effect.” 
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A RADIO LINE OF POSITION 

In  the preceding section reference htis been iiiade to a radio line of 
position. While t i  full unclerstanding of this term is not strictly 
necessary, it should help to ('ltii*ify the problem and mtky be useful 
under certain conditions. 

I f  the bearing of it 1)1ii11e is deteimii~ied at a radio station, iind 
plotted at the 1neridi:in of the station? then the straight line between 
the station illld the pl t~ie  is a radio line of position. The radio sta- 
tion is definitely fixed on the chart, itlld the bearing of the plane is 
accurately known ; the plotted bearing, therefore. is positively deter- 
mined as the line on which the plane is located. 

If the bearin x of the radio station R (fig. 56), is deter~nined at 

the plane, then the point P on the meridisin is only a point on the 
radio line of position. There is also il poiiit P1 on another meridian 
where the s:iiiie beiiring niipht ha  berv1 ObsrJ*ved, :I sin~ilni~ pojnt P2 

the plane it id p 7 otted at the ineridian nearest the nwumed position of 

FIGURW 60. A radio line of j)oHiIion froiii hi~tiI'illK determined at plene. 

on still another nieridian. i111d SO on; the plane might have been 
located at  any point on the curved line (greatly exaggerated) drawn 
through these points where the bearing of R i h  the same. Strictly 
speaking, then, this curved line is the radio line of position :is deter- 
mined at the uncertain location of the plane. 

r is re uired, the radio line of posi- If strictest accurt~cy.in 
tion may be easily obtaine by plotting t e observed bearing at  two or 
three meridians on each side of the assiimed position :ind drawing a 
curved line through the points so obtained. For all practical pur- 
poses this is uiiiiecessary ; unless the assumed position is greatly in 
error (my 50 miles or more). the bearing plotted at the meriditin 
netirest the assumed positioii so nearly coincides with the radio line of 
position that they may be considered identical. If the assiimed posi- 
tion is proved to be greatly in  error when a preliminary fix is ob- 
tained, entirely satisfnctory results rntiy be hnd by R second plotting 
of the bearing, RS ~ I r e i ~ t l ~  described. 

X I O t  x 
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RADIO AND THE CORRECTION FOR WIND 

In radio conipass navigation, as in all other methods. wind is the 
principal complicating factor ; once understood, Iiowever. the roper  
allowance for wind can be made and the giiot may proceed wlth 
certainty even though the 

employing a rotatable loop antenna, the other a nonrotntable loop. 
With the former, bearings niay be taken of stations in nny direction 
by rotating the loop, without turning the plane; with the more recent 
equipment of this t pe rotation of the loop is autoniatic, arid con- 

lionrotatable loop is used chiefly as a homing device. and cross bear- 
ings can be obtained only by turning the ship itself to head toward 
the station in question. It is not without Its advantages for the 

round is not visi le. 
Two general types of ra 3 io conipass are in use on aircraft. the one 

tinuous indication o 9 direction is provided. The radio collipass with 

F I ~ L I R ~  57 -TIw I rrdio ( o r n ~ m * %  ; i t t i 1  witid effect 

pilot-navigator, but with it the allowance for wind is more conipli- 
cated arid precise navi ation a little more difficult. 

the ra 8 io compass solely as a homing device, even 

figure 57, under the effect of cross winds the )lane will follow the 

From the standpoint of the added distance alone this is often 
unimportant, since it would seldom require appreciably more time to 
fI the round-about course than to head into the wind and crab 
a on the intended track at reduced ground speed; on the other 

i t  is always desirable to know with reasonable precision the 
track being made good. At times this is absolutely essential in 
order to keep the plane over favorable terrain or to avoid dangerous 
flying conditions. Furthermore, as is usually the case, more precise 
niethods of navigation do result in some saving of flying time. 

I n  view of the wind factor, precise nuvigatiori with the radio corn- 
pass is possible only in conjunction with a stable magnetic compass, 
or with a gyro compiss. To  illustrate, suppose that a pilot leaves a 

though When the UsirlT pi ot heads his plane directly for the radio station RS of 

round-about broken line of the figure instead o I the direct route. 

9 
hanlf 



will read off center. As 
long as it remains off center 
by the same amount it may 
be considered that the plrine 
is making good the direct 
track to the station. The 
p r o c e d u r e  i s  t h e  same 

75 mi 

80 mi 
(40 min at 120 mph) 

A 

I 

F 
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to Minot (fig. 22), the heading must be changed to conform to the 
change in true course as the end of each succeeding section is reached.' 
I f  the wind were constant, the steering perfect, and the plane started 
on the proper heading, this would not be necessary; as long as the in-  
dicator remained centered the plane would track the great circle 
toward the station, and the ever-changing direction of the bearing 
(fig. 20) would be automatically registered by the compass or gyro. 
Since such ideal conditions do not exist in practice, it is necessary to 
make the changes periodically, as suggested. 

With the rotatable loop of the automatic type referred to, the 
procedure is still simpler. I f  a departure to the left is noted, as in 
the previous instances, the pilot turns toward the right until the 
original bearing is again indicated. It is then only necessary, by 
trial and error, to find a heading such that the original bearing is 
indicated continuously, without changing. As long as the compass 
heading and the indicated bearing both remain constant, the direct 
track toward the station is being made good. The difference between 
the compass heading and the bearing in this case is the drift angle; 
as pointed out below, this provides the necessary information for 
determining wind direction and velocity, if this should be desired. 

Under unusual conditions, if the plane i s  ahead dose to dangerous 
topography, instead of returning to the intende x track as described 
above, it may even be desirable to circle back. reaching the plotted 
route at  a position nearer the starting point. The arrival over the 
intended route must be determined by the radia compass in conjunc- 
tion with the yro or magnetic compass. 

When a fix gh as been obtained by cross bearings, as described on 
a e 67, the wind direction and velocit may be obtained graphically, 

rf Sesired. In  figure 58, after fl ing J ue east from A for a period of 
40 minutes and at  an air s eed o 9 120 m. p. h., a fix was obtained at F. 

. From the chart it  is foun x that F scales 75 miles from A .  A B  repre- 
sents the heading and air speed of the plane, .4P the track and ground 
s eed, and the angle at A the drift angle. BP represents the wind 
Jrection and velocity, which is found to scale 7 miles, and is from the 
southeast (135O) ; since the 7-mile drift occurred in R period of 40 
minutes, the wind velocity is 10 m. p. h. 

I f  the plane is proceeding from a radio station as a point of de- 
parture, using the radio compass as a homing device (flying away 
from home), and the visual indicator shows a deviation from the 
direct route the drift angle may be determined simply by heading the 
plane so as to center the indicator and notin the difference in degrees 

a position, if this angle is plotted on the chart and the estimated 
distance made good is scaled along it, an approximate position is 
obtained which may be of some assistance. 

INSTRUMENT LANDINGS 

A number of instrument landing systems are now undergoing 
E uipment and methods are not et sufficiently stand- 

from the ori inal heading. While one dri B t angle cannot determine 

service tests. 
ardized to justi 4 y detailed discussion here. &sentially, however, 

'In theory there is Rome dfmculty In the cnniblned use of a rwi ipans  (or K ro) and the 
radio compass, since the latter determines a bearin at a point while the &mer deter- 
mines a cnurRe' however as  explained on 30 d e n  (*nur#e# ace properly determined 
the departure o'f the cou& from the stralgk+ I i &  reprwentinp the bearing IR neglipihlp. 
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they may be said to ronsist of (1) a low powered radio range, or 
runway localizer ; (2) similar equipment turned on edge to 
an equisigrial zone, or glide path, in the vertical plane; m c f ) r ~ ~ ~ d ~  
pair of marker beacons in line with the landing beam and at  pre- 
scribed distances from the airport. 

The different systems vary chiefly in minor details. One features 
a curved glide path which necessitates continual change in the at- 
titude of the airplane but brings it to the ground in approximately 
the normal position for landing. Another features a straight glide 
path, which is considered superior by some. A third substitutes 
microwaves and a frequency of 750 niegacycles, which is not affected 
by ordinary static. 

Aside from such differences of detail, the methods of landing are 
essentially the same. The aircraft is flown over the runway and 
its approaches by reference to the localizer beam, as often as may be 
necessary to be sure of the proper heading. with the pilot checking 
his progress by means of the two marker beacons. The correct 
heading is then set on the directional gyro and the airplane is headed 
toward the airport. reaching a prescribed altitude over the outer 
marker beacon. Losing altitude at a predetermined rate, the glide 
path is followed to the proper altitude over the inner marker beacon, 
which is located at the edge of the field. Continuing on the same 
glide path brings the aircraft to the landing area with R high degree 
of precision. 

I t  need scarcely be pointed out that with the installation of a 
satisfactory system for instrument landings, and with pilots pro- 
ficient in its use, the last essential for R complete system of safe air 
transportation is provided. 



Chapter V.-CELESTIAL NAVIGATION 
PRACTICAL VALUE 

Celestial navigation is the art of determining position on the earth 
from observations of celestial bodies (the sim, nioon, stars, and 
planets). 

For flights of 500 to 1,000 miles, celestial iiavigatioii with present 
methods and equipment will seldom prove of practical importance. 
For such distances, its chief value is that of a fasciiiating hobby 
which may some day prove of value, since the conibined use of pilot- 
ing, dead reckoning, and radio shonld ordinarily afford satisfactory 
results, 

With the development of large tr~nsports capable of flying great 
distances nonstop, longer and longer Ai hts have been included in 
air transportation schedules. Regular &ghts from the West coast 
to the Orient are already coin~nonplace, and a route :wross the North 
Atlantic is now an accepted fact. For flights such as these celestial 
navigation is not only practical, but necessary. 

The Pacific route to the Orient, like the airwtL s within the United 

navigational method in air transportation, and probably they are 
right. For communications it is R necessity, :md for easy position 
finding it is unexcelled ; however, it is xlwtiys possible that failure 

.may occur either in transmission or reception, :md celestial naviga- 
tion should be practiced in order to assure proficiwicy in such emer- 
gencies, if for no other reason. 

Efficient operation demands that long flights be made at high alti- 
tudes, and a large percentage of such flights would be above any 
overcast. This would prevent the direct determination of drift and 
wound speed, and would make dead reckoning of doubtful value; 
it would not affect radio, except in the event of complete failure or 
excessive static, and it would not affect celestial navigation. For 
Jonger flights, then, especially over ocean routes, celestial navigati.on 
becomes a primary method, and of at least eqiial importance wlth 
radio. 

ACCURACY 

The accuracy of the results depends on the skill of the observer, thc 
instrumental equipment, and the conditions under which the sextant 
observations are taken. By means of astronomical observations :L 
surveyor on the stable earth can determine the geographic location of 
his osition within a few yards; on a ship at sea, position can usualIy 
be dp etermined within a mile or two. Under average conditions in 
the air, an accurac of 5 to 10 miles should ordinarily be obtained, 

and bumpy air. 

States, is equip ed with the latest and best ra dy io facilities. There 
are those who pb elieve that radio will always provide the leading 

c 

although considera t ly greater errors may occur with a light plane 

76 
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Since a single observation may be greatly in error, it. is common 

practice to take from 5 to 10 observations in quick succession, and to 
determine the line of position from the average of the observations. 
Obviously, the better the flying conditions the smaller the number of 
observations needed for a satisfactory determination. 

SIMPLICITY 

There is a widespread belief that celestial navigation is very diffi- 
cult, and can be used only by experts. On the contrary the method is 
very simple. In the practice of celestial navigation the most difficult 
part of the whole process is the taking of the sextant observation; 
obviously this is largely a matter of mechanical practice. 

Aside &om the observation with a sextant, three other steps are 
necessary. The first is to note the exact time of the observation; 
the second is to compute the line of position from tlie sextant observa- 
tion and the time it was made; and the third is to plot the line of 
position on the chart. An error of 4 seconds in noting the time of 
observation will produce a maximum error of only 1 mile in the line 
of osition ; the computations have been reduced to simple arithmetic, an1 the plotting of the position line on the chart is as simple as 
measuring the course angle. 

I n  addition to the instruments ordinarily used in other methods of 
navigation, the following equipment is required : Sextant, chronom- 
eter (accurate watch), Nautical Almanac for the current year, and 
tables for performing the necessary computations, such as the line 
of position table appearing in pages 182 to 194 of this book. A 
suitable form for computing the line of position is convenient, but 
is not absolutely necessary. 

BASIC PRINCIPLES 

Almost directly ahove tlie North Pole of tlie earth there is a fairly 
bright star known to most people us the North Star. I t  is also called 
the Pole Star, or, more properly, Polaris. Let us suppose that this 
star were esactly over the North Pole: To an observer at that  point 
its altitude, or angle of elevation :ibove the horizon, would be 90", or 
exactly overhead (in the zenith). Now if the observer moves south- 
ward for a distance of IO", to latitude 80". the altitude of the star is 
found to be 80"; from any point on this parallel, whether toward 
Asia from the Pole or toward North America, the altitude is the 
same. The 80th parallel may therefore be called a circle of position, 
and all points at which the altitude of Polaris is 80" must be located 
somewhere on that circle, and nowhere else. 

Similar1 , from any point in latitude 30°, when the observer is 60" 
from the $ole, the altitude is 30" and tlie 30th parallel is another 
circle of position; and so on until, at the Equator, when the observer 
is 90" from the Pole, the altitude of the star is O", and the Equator 
becomes the farthest circle from which the star is visible. 

From the foregoing we see that : 
1. The point directly benenth the stnr is the center of n system of concentric 

rircles of position. 
2. From every point on any given circle the altitude of the stnr is the Name. 
3. As we ~nove  away from the point directly beneath the star there is a 

decrease in the nltitiide of the strtr proportiom1 to the distnnre niored: if we 
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move away a distance equal to 1' of lutitudr thc altitudc decreases 1': if we' 
move away 10" further, the altitude decreases another 10". and so on. 

4. In each instance the radius of the circle of pasitioii (that is, the distance 
of the observer from the point beneath thp *tar) ,  is eqnal to 90" miniis the 
observed altitude. 

These principles hold true not only for i1 star directly over the 
pole, but for all stars, and the relation between the observed altitude 
and the corresponding circle of position is illustrated in figure 59. 
Evidently, the smaller the altitude observed the greater the distance 
from the point on the earth directly beneath the star. 

Through long familiarity with l t i thde we are accustomed to 
measuring distances along a meridian, north and south, in terms of 
degrees and minutes. We do not iisiially think of distances in other 

horizon 

I I I 
I I I 

point directly 
beneath star 

I 
I 

FXQURE 69.-Relation between observed altitnden of R star and circles of puritfon. 

directions in these ternis, yet great-circle distances in any direction 
are always computed in degrees and minutes. and then converted into 
nautical miles, statute miles, meters, etc. 

A chart may have a scale of distances in terms of degrees and 
minutes of a great circle, just as it has R scale of distances in terms of 
statute or nautical miles. If a small-scale chart (the scale of No. 
3060a, or smaller) were provided with such B scale, it would be pos- 
sible to plot on the chart, from the Nautical Almanac, the position 
beneath any star at the instant of observation; and with that point 
as B center to draw the circle of position graphically, with a radius 
equal to 90" minus the observed altitude, with no computittions what- 
ever. This principle may prove of very prikctical value on special 
charts of the route to the Orient, the transatlantic routes, or eveii 
some of the transcontinental routes. 
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We have seen that the observed altitude of a star definitely deter- 

mines a circle of position at ti known distance from the point beneath 
the star. If at the same time arid place the altitude of a second star is 
observed, a second circle of position is determined ; since the observer 
is on both circles he must be at a point where the two intersect. This 
is illustrated in dgure 60, which is a reatly reduced representation of 
chart No. 3060a. The positions o f t h e  stars observed (Vega and 
Alphecca) at the moment of observation were plotted on the chart 
from data in the Nautical Almanac; then with radius equal to 90" 
minus the observed altitude in each case, the two circles of position 
were drawn, determining the fix as shown. Note that the distance 
between the top and bottom parallels of the chart is 2 5 O ,  the lengths 
of the radii being laid off proportionately at the same scale. 

From the figure it may be seen that the two circles of position would 
also intersect just outside the southern border of the chart. For 

F I G U R E  GO.-Two circles of position establish location. 

every pair of intersecting circles there must be two points of intersec- 
tion; this is not confusing, however, since the two points are usually 
far enough apart that one of them may be dismissed ns impossible. 
In the problem illustrated, the poorest navigator. somewhere, in 
Nevadal should be able to know at once that he was not in Mexico, 
1,500 miles away. When using larger scale charts for this purpose, 
the radius of the circle of position is often too lo!lg for the limits 
of the chart and the circle of position cannot be drawn as just 
described ; the procedure must therefore be slightly modified. 

To determine a circle of position on the larger scale charts, the 
navigator starts with an tissumed position, A ,  figure 61, which may be 
either his dead reckoning position or a nearby projection intersection. 
From the line of osition table (pp. 182 to 194) he computes the 

from the assumed position at the instant of observation. Let us sup- 
azimuth arid the a r titude of the star as it would have been observed 
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pose that the computed azimuth of the star is 250’ i ~ n d  the computed 
altitude 36O49‘: the line AZ is plotted from A ,  and represents the 
azimuth of the observed body; in reality it is the end section of a 
radius of the circle of position on which the point A was located at the 
instant of observation, and the line LP, at right angles thereto, is n, 
short section of that circle. Now suppose that the altitude actually 
observed was 37”: this is 11’ greater than the altitude coinputed for 
the assumed position and we know, therefore, from page 78, that the 
observation must have been taken at  some poiiit on a circle of position 
11’ closer to the star than the circle of which LP is part. There- 
fore, a distance equal to 11’ of latitude is laid off along A % ,  toward the 
star, and the line L’P’ (at  right angles to BZ and parallel to L P )  is n 
short section of the circle of position on which the navigator was 
located when the observation was made. In such cases the radius of 
the circle of that the short sections of circumfer- 

a short section is commonly called a line of position. 

osition is so lon 
ence may be K rawn as straight f ines without appr.eciable error. Such 

In practice, of course, 
i t  is  no t  necessary to  
draw the line L P :  the 
altitude difference ( see 
p. 88) is simply laid off 
f r o m  the assunied o r  
dead reckoning position 
i d o ~ g  the plotted i d -  

mnth, nnd a line at, right 
angles thereto th rough  
the point so obtained is 
the desired line of posi- 
tion. 

36” 4 9  - Altitude computed for assumed position ,4s in the case of i1 
37” OW - Altitude observed radio line of position (p.  

11’ = Difference between observed and computed altitudes il), a line of position 
froni a single star does 

FI(:IIRF: --me ~ i n v  ot ponition ,111 i i l r K P  qcwir .  a harts. not definitely determine 
position ; it determines 

only a line at S O I I I ~  poiiit on which the observer was located at the 
instant of observation. In order to obtain a fix, lines of position from 
two or more stars must be obtained ; since the observer is somewhere 
on each line of osition, he inlist be located at their conimon point of 
intersection. Ifhen three lines of position are plotted they seldom 
meet in a point, because of inaccuracies of observation; instead, a 
triangle is formed, and the position niay be regarded as anywhere 
wit,hin the triang1e.l 

Although one line of position does not provide a fix, it may still 
prove of real value. For example, if the line is approximately parallel 
to the path of the lane, it  informs the pilot as to whether or not he is 

the track it furnishes a definite check on the distance made good, and 
also on t,he ground speed. A single line of position from celestial 

LP = Line of position through assumed position 

L’P‘ = Line of position through true oositron 

on course; if the I! in0 of position is approximately at right angles to 

1The most probable position of the observer i n  often outside the trinngle foriiied by 
the  three lines of position. I n  air navigation however the  exflrt  solution of this 
“triangle of error” is an unnecessary refinement, ’and for p’rartirel purposeR the  pmition 
may be regarded BB anywhere within the triangle. 
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observations may also be combined with a radio line of position in 
order to obtain II fix. 

In celestial navigation, as in other methods. the projection of the 
chart is of no little importance. When the difference between the 
observed and computed altitudes is comparatively large, as is fre- 
quently the case in the air, additional error is introduced by the use 
of unsuitable projections. Due to the accuracy of the Lambert pro- 
jection in representing azimuths, and the fact that a straight line 
thereon very closely approximates the track of a great circle, error 
from this source is almost entirely absent. The roperties of the 

method of position finding from celestial observations, as suggested 
above for small scale charts. 

CELESTIAL COORDINATES 

A5 we look at the night sky, it is as though a great bowl were 
inverted over the earth, and the stars and other heavenly bodies were 
fixed to its inner surface. This inverted bowl is referred to as the 
celestial sphere: it has a sys- 
tem of coordinates which cor- 
respond closely with those of 
the terrestrial sphere,although 
the names are different. The 
easiest way to become thor- 
oughly familiar with the celps- 
tin1 coordinates is to conipare 
them with the f:iniiliar terres- 
trial terms. 

The earth rotates on its 
axis, the extreiiiities of the 
axis bein known as the North 

Halfway between the poles, an 
imaginary plane perpendicular 
to the :Lxk cuts the surface of 
the earth in a line known as 

Lambert projection also make it particularly suitab P e for the graphic 

and Sout f i Poles, respectively. 

the equator. The terrestrjal p, p, the 
axis and eauator are consid- 
ered as extiIt(jed to Ilieet the 
celestial sphere, their intersec- Decimation 1s measured 
tions therewith being known 
as the north and south celes- 
tial poles and t h e  celest ia l  Rlght Ascension IS measured from V toward the east, 
equator. As the earth rotates trom Oh up to 24h 
daily from west to east on its 
axis, there results an apparent 
rotation of the celestial sphere from east to west, on the axih passiiig 
through the celestial poles. 

Chi the earth, latitude is reckoned from 0" at the Equator to YO 
north latitude at the North Pole and 90" south latitude at the tSouth 
Pole; on the celestial sphere latitude is known as declination. The 
distance north or south of the celestial equator is known as north or 
south declination ; as with terrestrial latitude, declination is ex- 

V - the vernal equinox or "celestial Greenwich 

North of the equator (t), or 
South of the equator ( - )  

FI(IURY G2.-'I'lie celesriol s p l i ~ r ~  
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pressed in degrees, minutes. and seconds. North declination is often 
designated iks plus ( +  ). while south declination is known as 
minus ( -  ). 

The longitude of a point on the earth is usually referred to the 
meridian of Greenwich as a zero point: on the celestial sphere the 
zero point is known as the vernal equinox, or the first oint of Aries. 

which is suggested by the horns of Aries, the Ram. It is the inter- 
section of the ecliptic and the celestial equator, and is the oint at 

makes ita annual journey around the sun. 
On the earth, longitude is usually reckoned up to 180" east or west 

of the meridian of Greenwich, although it is sometimes reckoned up  
to 360". I t  is occasionally reckoned in ternis of time, 15" being equal 
to 1 hour of time. Thus a point on the earth may be described either 
as 75'30' west of Greenwich, or as 5h02m ( 5  hourb and 2 minutes) 
west of Qreenwich. On the celestial sphere longitude is known AS 
right ascension, and is always reckoned in ternis of time. Right 
ascension is always measured in the same direction, from west to 
east, the complete circuniference of 360' being equal to 24h. 

oint directly beneath a 

wich hour angle (GHA) of the bod ; the difference of longitude 

through the position of the observer is known as the local hour 
angle (LHA). 

For convenient reference and coniparison, table 1 lists the various 
terms of the celestial sphere opposite the corresponding terms for the 
I errestrial sphere. Figure 62 qhows these terms graphically. 

. Table I.--Coordinates of the celestial sphere and corresponding terms on the 
terrestrial sphere 

For convenience, this point is often designated by t i e  P symbol T, 

which the sun appears to cross the equator in the spring, as t I! e earth 

The difference of longitude between the 
heavenly body and the nieridian of Greenwic r 1 is known as the Green- 

between the point directly beneath the t ody and the meridian passing 

I Terrestrial sphere C:elestial sphere 

North Pole-. . ____.__ _ _  _....__._._._ ~ ____. . 
Youth Pole ~ 

Equator . . ~  ~ . .  ......... ~. ...._..._._.. ~ 

Latitude.. . ~ . . . ~. ~. . . . . . . . ____.._._. . - 
Oo to 90° north of Equator.. .___._. . .-. . . 

0' to 90' south of Equator _.__. .. . . ~ .  . . 

Oo to 180' east or west of a ..___ ___._ ~... 
Ob to 12h east or west of B. 

Longitude: reckoned from Greenwich (a). . 

North Pole. 
South Pole. 
Equator. 
Declination; North declination (+) 

fDw.) Oo to 8oo north of celeshal equator. 
south declination (-), 
O0 to 90" south of celestial equator. 

Right Ascenslon; reckoned from vernal equinox, or first 
fRA)  point of A r b  0'). 

Ob to 24b east of r . 
BHA. Greenwich Hour Angle; difference of longitude he- 

tween the point directly beneath the celestial 
body and the meridian of Greenwich. 

LHA. Local Hour Angle; difference of longitude between 
the point directly beneath the hody and the oh- 
server's meridian. 

THE ASTRONOMICAL TRIANGLE 

I t  is not essential that pilots understand, or even rend, this section 
on the astronomical triangle. It is presented here for the benefit of 
those who wish to know the mathematical principles involved in com- 
puting the line of position, but the explanation presented elsewhere in 
this text is sufficient for practiceal purposes. 

'The ecliptic is  the intersection of the plane of the enrth'w orhit with the Celewtiel 
sphere (see fig. 6 9 ) .  
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In spherical trigonometry, if any three parts of a triangle are 
known (whether sides or angles), the remaining three parts may be 
computed. The position of the star on the celestial sphere, the 
latitude and longitude of the assumed or dead reckonin position, and 

compute the astrononiical triangle and to obtain the data for the line 
of osition. This is illustrated in fi lire 63, which shows the celestial 

dot at the center of the celestial sphere, and 2 is the zenith, or the 
point directly above the awurn,ed or dead reckming po,vifion. of the 
observer. 

The circumference PZP' represents the meridian passing through 
the assumed position of the observer, and the arc PS is a portion of 
the meridian passing through the observed star S. The angle be- 
tween these two meridians ZPS is the local hour an le, and the angle 
P Z 8  is the azimuth of the star from the assume8 position. Some 

the observed time and altitude provided us with the i!i ata needed to 

po f es, P and P', the Equator, and t 1 e horizon. The earth is a tiny 

~'IGIJTRE 63.-The l lHt l ' ~ l l O I 1 l ~ C d  triH1lglP 

students can visualize the triangle more readily if they think of it RS 
projected down upon the earth; in this case P becomes the terrestritil 
pole, Z the assumed or dead reckoning position of the observer, and 8 
the 

T i e  arc from the Equator to the star is the declination of the star, 
and is known from the Nautical Almanac. I t  is also known that 
the arc from the Equator to the pole is 90". Therefore, the side 
h'P=9O0 -declination. { 

Since Z is the point directly above the assumed or dead reckoning 
position of the observer, the declination of the point Z is the sanie as 
the assumed latitude, and the side ZP=90" -latitude. 

The local hour angle of the star may be known by combining the 
Greenwich hour angle of the star at the instant of observation (found 

oint directly beneath the star. 

* I f  the star were noutli of the Equator (In ~ot i th  declinatlon), the Ride N I ' = 9 0 " +  
declination. 
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in the Nautical Almanac), and the amimed or dead reckoning 
longitude of the observer. 

arts of the 
trian le are computed: the azimuth of the star, PZS, P rom the as- 
wme! position of the observer; and the side LSZ, which is the dis- 
tance from the star to the assumed position. or the radius of the circle 
of position through the assumed position. I n  figure 63, it is seen 
that the arc from the horizon to the zenith 2 is go", and the computed 
altitude (H,) of the star is therefore equal to 90" -82. 

I n  order to save as much time as possible, the line of position table 
(pp. 182 to 194) is so arranged that it may be entered directly with 
the declination of the star and the latitude of the assumed position 
(instead of 90" minus these quantities, as might be supposed from the 
above explanation) ; also. the computed altitude is obtained directly 
instead of the side SZ. 

IJnless the navigator happened to be exactly on the circle of posi- 
tion passing through the assumed or dead reckoning position when 
the sextant observation was made, the computed altitude will differ 
from the altitude observed. The altitude difference and the com- 
puted azimuth provide all the data needed for plotting the line of 
position, as illnstrated in fi ure 61. I f  the observed altitude is 

from the assumed position, and the altitude difference is therefore 
laid off toward the star: if the observed altitude was less, the plane 
was farther away than the assumed position. 

THE SEXTANT OBSERVATION 

Before actually making the sextant observation the navigator 
should be able to identify the star observed. It is as impossible to 

-compute and plot on the chart a line of position from an unknown 
star as to pIot a radio bearing from an unknown radio station. The 
identification of the stars and planets is not difficult, and is treated 
at, the end of this chapter ( 11). 101 to 103). 

I t  is also important to se \ ect for observation stars that are favor- 
ably situated for the problem under consideration. The value of a 
line of position from a star directly along the line of flight, or from a 
qtar directly to the right or left of the aircraft, has already been 
pointed out (p. 80). The more nearly two position lines are at, right, 
angles to each other, the more nccurate is the fix obtained. An inter- 
section at an angle of less than 30" is not desirable, although even this 
may prove of value in an emergency. Whenever jossible, then, stars 

approximately 90" : if at all possible, they should differ in azimuth by 
not lesc than 30". Because of the V W  in 
on the observation of a star near t E R  e orizon, the bodies se ected 
should also be ;it least 15" tibove the horizon, if possible. 

For celestial navigation by day there is, of course, little choice 
among the heavenly bodies. The sun is available, and at times, the 
moon. At night, however, we have our choice of the stars, usually 
of one or more of the lanets, and, about half the time, of the moon. 

than the stars and are so easily identified that they tempt the begin- 
ner. With the present arrangement of the Naut,ical Almanac, the 

From these three known parts, two of the remaining 

greater than the coniputed a Fi titude, the plane was toward the star 

(See fig. 59.) 

(or other bodies) should be observed which di i er in azimuth by 

P' 85) 

The moon, and the p P anets Venus and Jupiter, are so much brighter 

effect of refraction ( 
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computation of R line of position from one of these bodies is only 
slightly more difficult than for the stars, and requires very little more 
time; all should be used from time to time as a matter of practice, 
in order to be able to use them quickly and with confidence if the need 
should arise. 

The sextant observation is probably the most difficult step in the 
practice of celestial navigation. Certainly, it is the most important. 
No matter how accurate the computations, a line of position based on 
an inaccurate observation is still inaccurate. 

Sextants are of various types, sonie making use of the natural (sea) 
horizon, others making use of an artificial horizon formed by a 
bubble level. Most buhble sextants can also be used with the natural 
horizon, if desired. In some sextants the eyepiece is to be pointed 
directly at the celestial body, while in others the eyepiece is always 
horizontal, and the body observed is reflected through an arrange- 
ment of mirrors. I n  any case, good sextt~nt observations are largely 
a matter of ractice and of thorough familiarity with the instrument. 

natural sea horizon is often not available because the plane is over 
land, or above clouds or haze, or because the 
horizon is obscured by darkness. 

After the observations are made and re- 
corded. several corrections must be applied. 
One of these is for the index error of the in- e ’ ’  

strument itself. Obviously, if the instrunient ” ” ’  

does not indicate zero properly, a correction for 

It is often possible to adjust the sextant so 
that it does correctly indicate zero, and this 
correction becomes unnecessary. The nietlrod 
of adjustnient will not be discussed here, since 
it is assumed that any one who purchases an 
instrunrent will receive with it coniplete instiuctioiis o i i  its care  id 
ildjustnient. I n  the absence of detailed insti-irctions for  the adjust- 
ment of a particular sextant, general instructions of  ti very pr:ictical 
nature are contained in The American Practical Navigator (Bow- 
ditch), published by the IJiiited Stittes Hy(1rogr:~pliic Office. The 
correction for index error. if any, is usually abbreviated as I. C. 

If the natiiral horizon is used in taking the sextant observation 
(instead of the artificial bubble horizon), a correction must he applied 
for dip, or the height of eye of the observer. (See 1). 105.) This is 
made necessar because the aviator sees a horizon further away, “over 

would see if his eye were at the surface. 
When the natural horizon is used for an observation on the sun or 

1110011, the altitude is taken when the reflection of the u )per or lower 

into contact with the horizon. Since the altitude of the center of the 
bod is re nired, it is clear that a correction for the semidiameter 

semidiameter of the sun and of the moon or various dates appetws 
on each page of the Nautical Almanac devoted to these bodies. If 
the lower limb is observed, the semidiameter must be added in order 

The bubb P e sextant is generally used in air navigation. since the 

this error must be applied to all observ a t’ Ions. 

I ~ . , ~ , ~ , , ~ ,  lb4 l~4.t , . , l . t , , , , ,  

the rim” of t rl e round earth, and hence lower than the horizon he 

edge (the “upper limb” or  the “lower limb”) of the bo d y, is brought 

(ha& the ag iameter) of the body must be a p  lied. Consequently, the P 
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to find the altitude of the center; if the upper limb is observed, the 
semidiameter must be subtracted. Ordinarily the sun’s lower limb 
is observed, and the corrections for semidiameter, refraction, and 
parallax are combined into one table (table A, p. 105). 

Additional corrections must be made for refraction and, in the 
case of the moon, for parallax. In one sense, it  is immaterial 
whether the student understands the theory of these corrections or 
not; a table is always given in the Nautical Almanac and in many 
navigational tables (p. 106), in which these items are combined into 
one correction for any observed altitude. Its application is very 
simple. For the benefit of those who wish to uiiderstnnd the principles 
involved, the following brief explanation of these two corrections is 
given in small type ; it  may be passed over without reading, if desired. 

In figure 64, the earth is represented P and P’ being the poles; H H  is the 
horizon of an observer a t  0, 8 the star observed. A rag of light from the star to 
the observer is bent by the effect of the earth’s atmosphere, much the same as a 
stick partly submerged in water appears to bend where it enters the water. As 
a result of refraction, a star always appears to the observer to be slightly higher 
than it really is, at 8‘ rather than at  8, and the angle of elevation measured is 
always too large. As the star approaches the horizon its light must pass through 
a thicker section of the earth’s atmosphere ( O H ) ,  a t  a more oblique angle than 
when it is near the zenith (027) ; consequently, the correction for refraction is 
greatest for bodies near the horizon and decreases with the altitude of the 
observed body above the horizon. 

The correction for parallax is illustrated in flgure 65, in which the circle repre- 
sents the earth. P. P’ the poleR of the earth. and M the moon. For an observer 

at  0 the altitude of the 
moon is represented by the 
angle h; but to be used for 
position determination all 
altitudes must be reduced 
to the horizontal plane 
through the center of the 
earth, where the altitude i# 
h’. The difference between 
the two angles, h’-h, is 
the parallax.’ By geometry 
it can be shown that the 
angle a t  M=h’-h, and 
therefore represents the 
parallax; it is the angle 
formed at the observed 
body by lines to the ob- 
server’s position and to the 
center of the earth. From 

the figure it is evident that as the distance of the celestial body from the earth 
increases, the angle at  M (parallax) becomes smaller. Parallax is of naviga- 
tional importance only in the case of the moon, which is comparatively near the 
earth ; the sun and planets are far enough from the earth that parallax is negli- 
gible, while the stars are a t  such infinite distanceF that it diRappears altogether. 

reatest 

body is overhead. The parallax when the body is at  the horizon is 
referred to as the horizontal parallax. In the Nautical Almanac. 
at the bottom of each page devoted to the moon there is tabulated the 
moon’s horizontal parallax for each day. When using the table of 
bubble sextant corrections for the moon (p. 107), the combined correc- 
tion for refraction and parallax is found in the column under the 
horizontal parallax for that date, and opposite the observed altitude. 

D 
M 

h”ll3URE 66.-I’fll’JI l l H X  

From fi ure 65 i t  may also be b e e n  that the angle at M is 
when the % ody is near the horizon and decreases to zero w ti en the 

4 A N  U H C ~  in  cnelwtltrl n ~ v i g ~ t i w i .  
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While considerable time has been used in explaining these correc- 

tions, with a little practice they can be taken from t8he tables and 
applied in a very few iiionients with little possibility of error. 

FORMS FOR COMPUTATION 

A standard form for coni utinp the line of position is not abso- 
lutely necessary ; however, &r convenience, speed, and accuracy, a 

I- V 
4 a 
6 
1 v) 

I 

I 

m - 
blank form is very desirable. One of the chief advnntages of using 
:t form is that it reduces the entire operatlion to a routine procedure 
which may be followed through correctly, even though the navigator 
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has forgotten all the reasons why. The successive steps are presented 
in order, and the processes of addition or subtraction are clearly 
indicated. 

Figure 66 shows one such form, especially designed for use with the 
line of position table appearing in pa es 182 to 194. For other tables, 

I n  the upper left corner of the form two rules are included, as it 
convenient reminder ; their application will be discussed later. The 
only other rules required are the two which appear at  the top of the 
pa es of the table itself. Below the rules on the form, spaces are pro- 

observed. 
I n  the upper right corner, space is provided for recordiiicr B series 

of as many as 10 sextant observations. The abbreviation G6T stands 
for Greenwich civil time, while H ,  is the altitude (Height actually 
measured with the sextant). The other quantities and abbreviations 
a pearirig on the form are briefly defined in the tabulation below. 
T x ey will be explained more fully in the silcceeding section, "Com- 
puting the line of position." 
GHA, @=The Greenwich hour angle vf the observed body a t  0" (midnight) 

Corr.=Corrections from the Nautical Almanac, to be added to the GHA for 

Long.=The longitude of the assumed or dead reckoning position. 
LHA=The local hour angle: obtained hy combining the GHA and the longi- 

Dec.=The declination of the obnrrved hody : taken from the Nautical 

K=An auxiliary par t  introduced to facilitate sohition of the astronomical 

T,=The latitilde of the asmined or dyad rec.koiiing position. 

of course, other forms are more suita 5 3  le. 

vi f ed for recording the date, the time, and the star or other body 

GCT ; taken from the Nautical Almanac. 

0" in order to find the GHA for the exact time of observation. 

tude assumed. 

Almanac. 

triangle, but of no importruwe in itself. 

KNL=Obtalned by combining K and latitilde in accordance with the rules 
at the top of the form. 

"=The computed altitude of the trhxerved body; this is the exact alti- 
tude of the hody for the assumed position a t  the inNtant of oh- 
servation. 

Ho=The altitude ohserved a t  the actual position of the observer : the vex- 
tant altitude corrected for index error, refraction, etc. 

a=The difference between the ohserved and computed altitude8 ; often 
called the intercept, or altitude difference. 

Z=The azimuth of the observed body, reckoned from true north up to 
180" toward the east or west ( in  the Northern Hemisphere).' 

%=The azimuth of the observed body reckoned in the conventional way ; 
clockwise from triie north. from 0" up to 360'. 

COMPUTING THE LINE OF POSITION 

Figure 66 records all the data actudly obtained by observation, 
for a series of 10 bubble sextant altitudes of the star Altair; figure 
67 shows the com lete solution for a line of position from the re- 
corded data. At irst lance it may look somewhat coniplicatsd, but 

than 3 to 5 minutes. 
Opposite each observed altitude of the series, the Greenwich civil 

time (see p. 90) of the observation is recorded: since the average 

with a little practice t B e complete solution should requrre no more 

5 i f  the navigator were south of the Equator, L as taken from the table would be 
reckoned from the miith, from 0" to 180" toward the east or weat. 
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altitude and the average time of the series are used in computing 
the line of position, these quantities are averaged by adding each 
column arid then dividing the totals by the number of observations. 

The average sextant altitude is next corrected for any index error, 
and a combined correction for refraction and parallax ( i f  i1ng) is 

I 

- I- o 4 

#- 

3 Lo 

U 

h 

a 
m -, 

I 4 

d 
E 
3 
3,  . U' 

\d' I : 

i t l , l > l i d  from the tablti 0 1 1  pgt* 106 (1). 107, if the inoon is observed), 
when using a bubble sextant. When using the natural horizon, the 
correction for height of eye must be applied, and a combined correc- 
tion for refraction, par>illax. and semidinmetar is applied from the 

'c'oi~r~c~tioii  for refraction ia --L'.'B. and nn index error of - 0 ! 5  in  aaisumed; total -3.'O. 
? l i2 ! ) i , -~c ' - ;~ ! l  7 
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tablec; on paves 105 and 108. Tlie corrected sextant altitude is con- 
sidered as t t e  observed altitude a,, and is used to determine the 
altitude difference a, at  the bottom of the form. 

The navigator's watch should be set to keep Greenwich civil time, 
and should be reset or checked at least once every day by radio time 
signals. Greenwich civil time as used in navigation is simply the 
standard time a t  Greenwich, the only difference being that it is 
reckoned from 0 (at midnight) to 24 hours each day, instead of 0 
to 12 and then repeating. Thus, 2: 40 p. m. would be written as 
14h 40". For some purposes, as in coded weather reports, this would 
be written as 1440; 8: 20 a. m. would be written as 0820. 

I t  should be noted that the form is dated June 10, but the GCT 
recorded is for June 11. The civil time where the observations were 
made (about longitude 83'30') was about 10 : 26 p. m. ( = 22h26m), 
eastern standard time, but the time :it Greenwich was approximately 
6 hours later, nearly 3v2 hours past midnight and hence June 11. 
When this situation exists it should be noted on the form, to avoid 
m y  possibility of taking the values from the Nautical Almanac for 
the wrong day. 

After recording and correcting the sextant observations, the next 
step is to determine the Greenwich hour angle (GHA) of the body at 
the instant of observation. This is to be taken from the Nautical 
Almanac, and the method of obtaining it under all circumstances may 
best be illustrated by working out the GHA for a star, the sun, the 
moon, and a planet, from the sample pages of the Nautical Almanac, 
~ m r e s  105 to 118. In each case, the GC'I' of the problem of figure 67 
wif.1 be used, namely 3h26'"22fi GCT, June 11, 1938. Once the GHA 
is obtained, the computation is identical, whether the observed body 
be sun, moon, star, or planet. 

Example 1.-GHA of Altair. From the table on page 109 we find the GHA 
for Oh OCT on June 11. From the table om page 110 we flnd the corrections to be 
added to the  GHA of a s ta r  for 3"26'", and for 22" : adding these rorrections we 
find the GHA for the day and hour required 

GHA. 011 321' 4314 
Corr. 3" 26111 51 3816 
Corr. 22" 5:  5 

373" 2714 

. 

-~ ____I_- - -  

- 360 

GHA, 3b  2tim 22. 13' 27!4 
Example 2.-GHA of the ?rim. From t h e  table on page 105 we And the GHA 

for 2" GCT on Saturday, June 11. From the table 0x1 page 106 we find the 
corrections for lt'26"', and for 22'. Adding thew, the required (:HA is obtained. 

GH A, 2 1, 00'" 210' 1110 
Corr. 1 1 1  26t" 21 30!0 
Corr. 22n 5!  5 

CHA. 3 t ~  2fP1 2 2 -  231O 4ti!5 
~ 

Example 3.-GHA of the moon. n'roin the table on page 113 we find the GIHA 
fur 3h QC'T on June 11. Vron) tlw table of Mnltiples of Variation per Minute, 
in stnail type j u s t  to the right on the same page, we obtain the  corrections to be 
ndded for 20"', and for 8" ' ;  the  correction for 22" is a little more than one third 



PRACTICAL AIR NAVIGATION 91 

(22/60) of the correction for 1'". 
obtained. 

Adding thew corrections, the required OHA is 

GHA, 3b 00"' 66" 67! 2 
Corr. 20m 290I 2 
Corr. 871 1 
Corr. 228 51 3 

- - - _. - - - ____ 
66" 43918, or 

Q H A ,  3" 2611~ 22a 73" 1918 
The correctioiis just applied are coilaidered oiily approximate, and special 

tables are also provided in the Nautical Almanac for finding the GHA of the 
moon with greater precision ; however, the method just given is sufficiently accu- 
rate for air navigation. and in this way the GHA of the moon can be found 
complete on one page. For this problem the more precise method differs from 
the approximate resultb by only 0!06. 

Example 4.-GHA of Jupiter. From the table on page 114 we find the GHA 
for oh UCT on June 11, and note also that the "variation per minute" is 15 ! 0397. 

The corrections to be added to the GHA of a planet are tabulated under the 
variation per minute, the corrections for hours on page 115, and the corrections 
for minutes and seconds 011 page 116. The correction for a variation of 1610397 
lies 0.7 of the way between the corrections tabulated for for 15!039 and 151040. 
For 3h this correction is determined as  46"7! 1. For %", the desired correction 
lies 0.97 of the way between the raliir,s for 15103 arid 15104, and is determined as  
6"31'. The correction for 22# is found in the column a t  the right of the same 
page. Adding thew cwrrectioiix we flnd the (:HA for the day and hour reqnired. 

GHA, Oh 284" 1612 
Corr. 3h 46 711 
Corr. 26-1 6 3 1 I O  
Corr. 229 5'5 

GHA, 3" 26ttJ 22* 335" 5918 

Having found the GHA from the Nautical Almantlc, the local hour 
angle (LHA) is fonnd by combining the GHA and the longitude of 

__ __ .. 

63 
@ 
63 

a. Star west of the observer and 
west of the meridian of Greenwich 

GM= longitude 
GMS=GHA 

MS= LHA 
L H A  = GHA - longitude 

M 

b. Stai east of :ne ooserver and 
*est of the meridian of Greenuich 

GM-longitude 
GS=GHA 
MS=LHA 

M A  = longitude - GHA 

M 

c Star east at l h e  obseiver and 
east of the meridian of Greenu cn 

GM =longitude 
;MS=GHA 
VGS=LHA 

GS= 360'- GHA 

M A  -360" GHA + longitude M 

Fi(at1it~ ti8 - I ) e t i~rmi i~~ng  thr' 10(*131 hoiii angle (LHA) .  

the dead reckoning 01' ;tssunied position. Siiice both art' referred to 
Greenwich as the zero iiieridiau this shoiild present no difficulty : 
however, wb a n  wid to ~*Iear  iiiiderstaiiding of the problem, the circle 
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(time diagram) on the work sheet is usually filled in. The blank 
form shows only the circle, and the radius PM (see fig. 66). The 
circle represents the earth as it would appear looking straight down 
upon it from a point over the pole. P is the pole and the circuni- 
ference represents the equator; PM is the meridian passing through 
the position of the observer. For the probleiti illustrated in figure 
67, the longitude of the assumed position is 83’30’ west; the meridian 
of Greenwich PG can. therefore, be drawn in, about 83” east of M .  
The GHA of the star was about 14O, and the meridian passing through 
the star PS can therefore be drawn. the angle GPS being approxi- 
niately 14”. The GHA is always measured from the meridian of 
Greenwich in the direction indicated by the arrow. The angle MPS 
is the LHA. 

The L H A  is measured front 0” to 180” east or west from the 
observer’s meridian. I t  is desirable to note on the work sheet whether 
the L H A  is east or west of the observer, to avoid error in layin off the 
altitude difference a toward or away from the star. For t a e same 
reason, it is desirable to estimate the azimuth of the body upon com- 
pleting the sextant observations. 

For an observer in the United States (that is. in west longitude) 
three conditions for obtaining the LHA are possible; these are illus- 
trated in figure 68, with the operatioil required for obtaining the 
LHA in each case. The problem illustrated in figure 67 is similar to 
case b in the figure. 

The declination of the star, or other body, is taken from the Nauti- 
cal Almanac. For a star, the change i r i  declination is so slight that 
it is given only for each month (see p. 109). For a lanet the decli- 

successive days indicated (see 1). 114) ; if the change is great enough 
to warrant, a correction can be applied for the time elapsed since Oh, 

. just as with the GHA, and special tables are Irovided 111 the Naiiti- 

iit intervals of 2h for each day (see pp. 111, 112); the maximum 
change in declination for the 2-hour period is only about 2’. and it 
is easy to interpolate for any intervening period. The declination of 
the moon is given for every hour, cud in smaller type to  the right is 
given the variation per minute. so that correction for any period is 
quickly made (see p. 113). 

Along with the degrees and minutes of declination, it should be 
noted whether the bod is north ( N )  or south (S) of the equator, 

declination is N or S.  See rule at top of form: “Give K same name 
as declination.” K is an auxiliary part of the triangle rireded for the 
solution, but of no im ortance in itself. 

the Nautical Alnianac (LHA, declination, etc.) ,  we preliniintwy 
steps. They supply the data needed for the act u t ~ 1  computation, 
which is the simplest part of the whole problem; it may be per- 
formed by means of the Line of Position Table ( p. 182 to 194). 

Beckoning Altitude and Azimuth Table,” prepared by Lieut. Arthur 
A. Ageton, United States Navy, and published by the United States 
Hydrographic Office as H. 0. No. 211. It is reprodricrd here by the 
cwurtesy of that Bureau. Those desiring further information as to 

nation is tabulated for Oh of each day, with the di E erence between 

La1 Alnianac for this purpose. For the sun, ct eclination is tabulated 

and when “K” is foun d it should be ~iaiiied N or S,. according as the 

The corrections to t i e sextant altitude, and the datu obtained from 

The Line of Position Table is an abridged P orni of the “Dead 
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the derivation and other uses of the table are referred to the original 
publication. 

One should not be misled by the phrase .‘dead reckoning” which 
appears in the name of the table, since it has no application to navi- 
gation by that method; rather, it signifies that the computation may 
be made from the dead reckoning position as readily as from any 
other position. This feature is more important than is at first ap- 
parent. Although there are other tables which yield a solution with 
a slight saving in time and figures. with those tables a position must 
be arbitrarily assumed such that the table may be entered with :I 
whole degree. The data for the line of position may be obtained in 
a trifle less time, but before it can be drawn on the chart the addi- 
tional position assumed for convenient use of the tables milst be 
plotted, consuming whatever time may have been saved in computing. 
With the table beginning on page 182, the dead reckonin position or 

tion; since both of these appear on the chart the line of position 
can be plotted more quickly. 

The table itself is very short. and no interpolation is necessary ; the 
few rules required are ever before the pilot-either on the pages of the 
table itself or on the work form-and the procedure is practical1 
uniform under all conditions. Many of the other “short methods 
are very good and have certain advantages; however, for the reasons 
given it is believed that this method is entirely satisfactory for the 
most experienced navigator and the best yet available for the student. 

I t  has already been remsi*ked that the use of the table for com- 
puting the altitude (a,) and azimuth (2) is the simplest part of the 
whole problem. For each degree and minute up to 180’ thew are 
listed in separate columns an A value and a B value. The values 
given are sufficiently accurate without interpolation. The work con- 
sists only in copying down these values and adding or subtracting as 
indicated on the standard form. To illustaate, we will follow through 
the roblem of figure 67. 

“Re LHA is determined as ’70’3’. and the -4 value for that angle is 
copied from the table in the space indicated on the form. 

Next the B value for 8’42’ (declination to t,he nearest whole min- 
ute) is copied in the space indicated, and the corresponding A value 
is written in the next column. 

As indicated on the form, tfhe first column is added, and totals 
:<I91 ; this is shown on the form as an A value. We run through the 
tables until 3192 (the number nearest 3191) is found in the A column 
:tiid take out the Corresponding B value, which is written in coltinins 
2 and 3. the A value being repeated in column 4. 

Now the subtraction required in column 2 is performed. obtain- 
ing 38817; the value nearest this number is found in the A columns 
of the table, and the degrees and minutes under which it is found 
are entered at  the left of the form as the value of K. The value of K 
is found at  the top of the column or s t  the bottom of the column in 
:iccordance with the rule at the top of the pages of the table. 
A‘ is then combined with L, and the B value corresponding to K - L  

is entered in column 3 and the required addition performed. The 
iiurriber nearest this result is found in the A columns of the table. 
and trhe correspondin B value entered in column 4; at the top of 

any convenient projection intersection may be used for t B e computa- 

J 

the same column in t B e table there is read the number of degrees. 
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itnd at the left the minutes, of the computed altitude, which is now 
entered in the form as H,. 

The difference between N, and H ,  is recorded at a, and the word 
toward or away is entered on the form, according as the actual posi- 
tion is toward the star from the assumed position, or away from it. 
(See p. 78.) 

Finally, the subtraction indicated in the fourth column is per- 
formed, and the A. value corresponding to the azimuth Z is found. 
The value of 2 is taken from the tables in accordance with the rule 
at the top of the pages of the table-and the data for the line of 
position have been computed. 

The azimuth obtained in the problem of fi ure 67 is N. 96"22' E. 

An azimuth of N. 96'22' E' means that the body is 96'22' toward 
the west from true north. 

Below 2 there is a space for Z,, the azimuth from the north reck- 
oned in the conventional wa , from 0' to 360' (see p. 29). An 

This conversion is optional with the navigator, and need not be made 
unless the first form is confusing. 

The process of computing a line of position is not nearly as difficult 
nor as time consuming as it sounds when put into words. Students 
may prove this to their own satisfaction.by working out a few prac- 
tical examples. 

There are several short-cut methods for obtaining the data for a 
line of position. For example, there are mechanical computers, 
on which the observed data and the information from the Nautical 
Almanac can be set up, and the answer can then be read directly 
from the instrument. By their use, some slight saving in time is 
effected, and any possibility of error in arithmetic is removed; but 

. it is as possible to set up the data erroneously, on the computer, as 
to make a mistake in arithmetic, and in either case the results are 
worthless. 

Another short cut is found in the use of precomputed altitudes. 
B this method, using the best data available, the probable ositions 

ing, for a series of re ular time intervals. The alt<tudes and azi- 

computed for the dead-reckoning positions and the corresponding 
times. These altitudes are then plotted in the form of a graph, 
a ainst the proper time intervals, and a smooth curve is drawn 
tfrough the points so obtained. The computed azimuths are each 
plotted on the chart of the route, from the dead-reckoning positions 
to which they apply. 

This method affords no saving in labor; its one advanta e is that 
the labor is performed on the ground, before taking off, feavin a 
minimum of work to be performed in the air. The procedure wfile 
in flight ma be outlined as follows: 

Having ottained the corrected sextant altitude and noted the time 
of observation, as already described, read from the graph the pre- 
computed altitude for the same time. The difference between the 
precomputed altitude and the observed altitude is the altitude differ- 
ence (intercept) required for plotting the line of position. 

which means that the body is 96'22' toward t a e east from true north. 

azimuth of N. 96'22' W. cou 9 d be entered in this space as 263'38'. 

o P the plane along a projected route are determined bv dea B reckon- 

muths of the bodies se 7 ected for observation on the flight are then 

(See pp. 155 to 158.) 
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I f  the time of observation coincides with one of the dead-reckoning 
positions chosen for coniputing the curve, the azimuth is already 
plotted on the chart, and it is only necessary to lay off the artitude 
difference, from the dead reckonin position toward or away from the 

precomputed altitude. If the time of observation happens to fall 
between two of the dead-reckoning positions used for the computa- 
tions, a new dead-reckoning position corresponding to the time of 
observation is plotted on the chart, and the azimuth is laid off by eye, 
in a direction rough1 parallel to or intermediate betw-een the azi- 
muths plotted from t i e nearby positions: the altitude difference is 
then laid off as before, to obtain the line of position. I f  curves are 
precomputed and plotted for two or more celestial bodies, lines of 
position from each can be most quickly plotted. a s  already described, 
and their intersection fixes the position of the plane. 

Any difference between the actual position of the plane and the 
dead reckoning position does not affect the accurac of the line of 

raid off from the dead reckoning position on the plotted route as 
determined from the original data used in precomputing the altitude 
curve, rather than from any data obtained during the flight. 

I f  desired. the corrections for index error, refraction, etc., can 
be applied to the precomputed altitiides, with reversed s i p s ,  when 

lotting the curve. I n  this way. sextant iIltitl1des can be used 
girectly as read from the instrnment, d l  fiirther redwing the work 
re uired while in the air. 

Serhaps the simplest method of :ill is provided by the “star altitude 
curves.” I n  this method. intersecting circles of position from two 
or three stars are printed on the same graph: the altitudes of the 
stars for which the curves have been drawn are observed in quick 
s~~ccession, aiid the Greenwich sidereal time of the obsei-vations 
yecorded. I t  is then necessary only to note the point of intersection 
of the curves corresponding to the two wltititdes observed, and read 
from the margins of the graph the 1:ititnde of the observer’s position 
and the local sidereal time at that place. Combined with the Green- 
wich sidereal time by ordinary arithmetic. the local sidereal time 
affords the longitude in terms of time; this may be converted to arc 
by means of a special table in the Nautical Almanac, and the position 
has been fixed with tt minimum of time and almost no arithmetic. 

This inrthod is subject to the disadvantage that it cannot be used 
by day and is avidable for only a few stiirs at night. For satisfactory 
results, iiot more than a minute should elapse between the two altitude 
observations; if more time does elapse. a method is provided for 
carrying forward the ciirve coi~responding to the first observation. 

.4 LINE OF POSITION FROM POLARIS 

body according as the observed a 7 titude is greater or less than the 

osition, provided only that the azimuth and altitu a” e difference are 

I11 the case of €‘oI:iris, R line of positioii m:iy be obtained with very 
little computation, the line of positioii being the para11e1 of latitude 
on which the observer is located. 

A s  suggested on page 77, the altitude of the celestial pole is equal 
to the latitude of the plnce from which it is observed: however, 
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Polaris is not exactly at the pole, but moves about it i n  :I small circle 
with a radius of about 1'21.5. Now if the altitude of 
the pole is q u a l  to the latitude, it is apparent that when Polaris is 
directly above the pole the radius of 1"2!5 inust be subtracted from 
the altitude of the star in order to find the altitude of the pole-and 
hence the latitude of the place. I f  the star is directly below the 
pole, the radius of 1"2!5 must be added to the altitude of the star 
in order to obtain the altitude of the >ole; if the star is directly to the 

the altitude of the pole. 
ivirig 

with any other star, a correction m:iy be :ipI)lied from the tables 
ilIustrated on page 110 to obtain the GHA for the GCT of observa- 
tion. The TAHA is then found. :is before. by combining the GHA and 
the longitude of the assumed position. 

Having obtained the LHA. either east or west, the table on page 
118, from the Nautical Alrrinnac is entered ant1 R correction obtained 

(See fig. 69.) 

right or to the left of the pole, the a t titude of the star is the same as 

the GHA of Polaris for (Y' GCT for each day of the year. e ust as 
In the Nautical Almanac there is a special table (see p. 117) 

Celestial pole y? Polaris 

/ 

/ 
/ 

/ , 
/ 

Altitude of  celestial pole 

' ,  ///A = Latitude of observer 
Observer's horizon 

Earth 

B'ii;ufit: 69. -Idat i t  r l d v  t t ' t m  1'oi;ivis. 

which is to be added to or subtracted from the corrected sextant 
altitude a,,, as indicated. The result is the latitiitle of the observer, 
which is most easily )lotted 011 the chart as a line of position. 

A line of position b o m  Polaris (latitude) requires a iriinimum of 
time; therefore. whenever this sttir is visible it mi lit well be one of 
the stars selected. When Po1:iris is chosen, the ot ?. ier star should be 
as nearly due e:ist or due west :is possible. Another good prwtice is 
to select :i sttir directly before or behind the plane, and mother to one 
side; the first line of position in this case checks the progress :ilong 
the route, while the line from the second determines whether or not 
the plane is tracking the intended route. 

The process of takin and recording 5 to 10 sextant observations, 
computing the data, an c f  plotting the line of position on the chnrt will 
probably require not less than 10 tninutes. That is, after obtaining 
one line of position about 10 minutes may elapse before a second c : ~ n  
be plotted on the chtirt. During this period n fast plane can cover 30 
to 35 miles, arid the first line of position must be carried forward the 
course and distance made good by dead reckoning between the two 
observations? just as described in connection with radio bearings, on 
pige 68. Similarly, the resulting fix must be carried foi*w:irtl tlir 
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distance and direction made good after the second observation, in 
order to obtain the current position of the plane. I f  Polaris is selected 
as the second star the distance that the first line of position or the 
fix must be carried forward is reduced to a minimum because of the 
shorter time required for coinpnting and plotting a line of position 
(latitude) from Polaris. 

A LINE OF POSITION FROM AN UNlDENTlFIED STAR 

A few stars, such as Sirius and Vega, possess such distinctive char- 
acteristics that they could probably be identified, even if no other 
stars were visible; for the most part, however, a star is identified by 
its position with reference to known star groups (such as the Great 
Dipper) more than from its individual appearance. 

Assume that a transatlantic flight is in rogress, and that the plane 

and a position from celestial observations is urgently required. 
Finally a break appears in the clouds and a single star of about the 
brightness of Polaris (second magnitude) is seen for only a few min- 
utes. In this brief interval, four sextant altitudes of the star are 
obtained, but since the identity of the star is unkiiow~i, the necessary 
data for computing the line of position citnnot be taken from the 
Nautical Almanac. By some method, the star must be identified 
before the line of position can be computed. 

There are available several star finders from which, after the 
approximr~tely known data are set up. the star may be identified. 
Perhaps the most accurate of these is The Rude Star Finder and 
Identifier, published by the United States Hydrographic Office RS 
H. 0. No. 2102%. There are also Special Star Identification Tables. 
H. 0. No. 127, by means of which the star may be identified with 
but little difficulty. 

The line of osition table (pp. 182 to 194) may be used for star iden- 
tification, if 8 esired. The method is basically siinple, but, like most 
other methods, it requires enough time that i t  would not be used in 
air navigation except under extreme conditions. 

The method consists essentially in working the ordinary problem 
backward in order to find the declination and LHA of the star ob- 
served ; with these values approximately fouiid, we c:~n identify the 
star in the Nautical Almanac, and the problem is then worked in the 
usual way (as in fig. 67) to obtain the line of position. A convenient 
form for the first part of the problem (the identification of the star) 
is shown in figure 70. on which the problem just presented is worked 
out. 

As shown on the form, the mean time for the seiies of observations 
was 2ah42" GCT, September 9, 1938 ; t,he corrected sextant altitide 
H,,, was 25"33' j and the azimuth of the star was estimated as approxi- 
mately 8 5 O  east of true north. The A value of the azimuth is added 
to the B value of the corrected altitude, and the result A 4634.6 is 
obtained (column 1).  This total is repeated in column 4, and the 
B value corresponding to this number is written in columns 2 and 3 
as indicated. The subtraction required in column 2 is now per- 
formed to o b t h  the A value of K .  K and L are combined (as in 
fig. 67) and the B and value of K- added as indicated in column 3, 
the result being the A valiie of the dec1in:ition of the star observed : 

has been enveloped in clouds for several K ours; the radio has failed, 
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the corresponding B value is then subtracted as required in column 4, 
to obtain the A value of the LHA. which is marked east. from the 
known direction of the star. The declination is marked north or 
south in accordance with the rule appearing o 1 1  the form. 

0 1 1  the circle (time diugr;uIl) which appears 011 the form, the 
meridian of Greenwich is now drawn in, 30" east of M (the observer's 

and also the meridian of the star, ap  woxiniately 76' east meridiarg , 
of M. rom the relationship pictured, the G A is 860" minus the 
angle GP8,  and the angle QPLC is equal to the LHA minus the angle 
QPM (longitude) ; hence the QHA is 313O35'. 

€? 
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76" 25' LHA 360" 00' 

46' 25' angle GPS 313" 35' GHA 
The GHA 'ust obtained is for 23h42m GCT. and in the Nautical 

Almanac the &HA is tabulated for oh. I n  order to obtain the GHA 
for oh, the correction that would normally be added for 23h42m must 
be subtracted from the above: 

-30 0 long. -46 25 angle GPS __ ~.-. - 

GHA for 23h42m GCT 9-9-38 313' 35' +360"=673" 35' 
Corr. for 23b42m -356 28.4 -356 28.4 

GHA for Oh, 9-9-38 317' 616 

Since the coriwtion is rreater than the (;HA, 860' must be added 

the GHA as  about 317' and the declination as 22O28' : in the Nautical 
Almanac, under "Stars, September 1938,:' for September 9 we find 
the second magnitude star Hamal (a Arietis) with a GHA of 316'26 !9 
and a declination of 23'1014. No other star even approaches these 
values, and it is therefore safe to assume that Hamal was the star ob- 
served. I ts  GHA and declination are. entered on the form shown in 
figure 67, and the line of positive computed as illnstrated therein. 

to the latter before the su fd traction can be performed. We now have 

ADDITIONAL STARS 

As already described, the Nautical Almanac in its present form 
provides an easy method for finding the GHA of 55 stars. These 
stars are so well distributed over the celestial sphere that there is 

b'11.inw 71--Tlrr 11\11 diiy :lnd nldelal tlllw. Le" tlnw I b  requiled 101' IotHtloll The 
earth with respect to IL *tar than to the  sun. 

seldom a time when there are not two or more available for observa- 
tion, if conditions are at  all favorable. 

For those occasions when clouds may shut out the stars ordinarilg 
used, but still leave a fairly bright star visible here and there, the 
Nautical Almanac gives the celestial coordinates (but not the GHA) 
of 110 additional stars. I n  order to find the GHA of these stars we 
must resort to sidereal time; this is usutdly corifusin to the beginner, 

also be tabulated in the Nautical Almanac, makin all reference to 

rules given below may be followed easily. although a knowledge of 
sidertwl timp is helpfnl. 

and it is hoped that some day the GHA of these ad If itional stars will 

sidereal time unnecessary in air navigation. In  t 7 le meantime, the 



100 U. F. COAST A N D  GEODETIC SURVEY 

Ordinary civil time is based on the rotation of the earth with re- 
spect to the sun,7 the civil day being the period of time required for 
one complete rotation. Sidereal time is also based on the rotation of 
the earth, but a sidereal day is the period required for one complete 
rotation with respect to the stars. 

As illustrated in figure 71, at the same tiFie that the earth rotate3 
on its axis it is also traveling along its orbit around the sun, at the 
rate of almost a degree a day (360" in approximately 365 days). 

Since the nearest star is so much farther away than the sun, there 
is no appreciable difference in the direction of a star throughout the 
year, while the direction of the sun changes from day to day. Thus, 
the solid earth and the sun (fig. 71) are in direct line with a distant 
star, which we will suppose is located exactly at the vernal equinox, 
or first point of Aries. As the point on the earth which is directlj 
toward the sun and star begins to rotate, the civil day and the side- 
real day for that point begin simultaneously. The dotted earth 
marks its position near the end of the civil day, about 1" further 
along in its orbit. It has already completed one rotation with re- 
spect to the distant star, but must turn : h o s t  another degree to 
complete one rotation with respect to the sun. I t  i h  evident, then, 

arc 

3 r t  

a r c  

M = meridian of the observer 
= 1 IOo west longitude 

G = meridian of Greenwich 

T = vernal equinox 

S = star 

GMT = GST (Greenwich Sidereal 

T M S  = RA of the ;tar 

GS = GHA of the star 

Time) 

11our 
GST - RA = GHA 

arlgir : I I U I  widrritl  time. 

that the civil day is huger than the sidereal day, the difference 
:uriounting to about 3"t568. 
An important distinction to remember is that :L sidereal time inter- 

val is always less than a civil time interval. but when used for angular 
measure (GHA or LHA) the two are e q d .  In both cases a c o n -  
plete circumference of 360' is equal to 24h. 

I f  the additional star5 referred to are to be used, the simplest 
method is to carry an additional chrononieter rated to sidereal time 
for the meridian of Greenwich. In this case, the Greenwich sidereal 
time (GST) of the observation is rtxorded, inste:d of GCT, arid 
the GHA is found from the equation GHA-GST-RA (right ascen- 
sion of the star). This relationship is apparent in the time diagram 
of figure 72. 

The OHA so obtained is in terms of time, and must still be con- 
verted into arc; a special table is provided €or this purpnse, near the 
back of the Nautical Almanac. 

If the chronometer rated to sidereal time is not available, the 
process is N little more complicated. The first table in the Nautical 

' X t r i ~ ~ t i y  speaking, wi th  respect to the m m n  NUU. 
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Almanac is labeled, “Sun, 1938” (or for the current year). This table 
gives the sidereal time of Oh GCT for each day in the year. At the 
bottom of the same page there is a second table called, Correction for 
longitude from Greenwich j i t  might just as appropriately have been 
called, “Correction for converting civil time to sidereal time.” From 
this second table, a correction is added to the civil hours, minutes, 
and seconds,. past midnight, thus converting them to sidereal time. 
This total (sidereal time past midnight) is then added to the sidereal 
time of 0’’ (midnight) in order to obtain the GST of the observation: 
then, as before, GHA = GST- RA. 

To illustrate, suppose that the (:HA of t Cygni is desired, for 
2LLh4FjmOR (KIT, October 15, 1087 : 

OST of O”, 10-1*%37 lh 32”’ 25Q6 

GCT of observcitioii 22 45 0.0 
Corr. for 22”45’” +3 44.2 

(From 1st table of Nailtical Almwiiac.) 

(Ii’ro1n hottom of wine pwgc’ in Alii~annv.) 

OST of 22”45”’0’ G(:T 24” 21” 998 
RA of e Cygiii - 20 43 39.6 

UHA of c Clygiii ( in  ternis of time). :3h 37”’ 30t2 

(Froin Nwriticiil Aliiiannc.. “nddl. *tars.“) 

The UHA is iiow converted from time to arc, by means of the 
table near the back of the Nautical Almanac: 

1“‘2& = 22’ 
3”36”’ =&1” 

2 e  2= Xi’ ’ 

3h:17’”309 2=54”22’:%3”. QHA i n  ternis of arc. 

IDENTIFICATION OF STARS 

It has already been pointed out that it i> useless to observe the 
altitude of a star iiiiless the identity of the star is known. The be- 
ginner is apt to be confnsetl b the nlmber of stars, iLJld to suppost’ 
that it is difficult to distinguis E one star froiu another. On the con- 
trary. stars differ from one mother considerably, in relative bright- 
ness, in color, aiid in their peculiar groupings. The Nautical 
Almanac for 1938 lists 55 priiicipal navigational stars, and 110 addi- 
tional stars, all of which are shown on the IliLvigational star chart in 
the back of the Almanac. 

aiiifully apparent i n  the 
star chart of the A ~ I I I ~ ~ ~ I ~ c ,  in which the po li es are stretched out into 
lines extending all the way across the ma . Globes are not so coli- 
venient to carr about, but the serious stu cp ent will be well repaid for 

quite reasonably. With a globe, the astronomical triangle and celes- 
tial coordinates can be clearly seen; the relation between civil aiid 
sidereal time can be demonstrated, and the approximate solutions of 
navigational problems can be obtained graphically. With an good 
star chart, however, and a little patience, it. is riot difficult to i B entify 
any or all of the principal stars, if we start from some familiar 
group. 

Any flat rnap hils its difficulties. This is 

the purchase o 9 a good celestial globe, some of which may now bc had 



102 U. S. COAST AND GEODETIC‘ SURVEY 

For example, every one is familiar with the “Big Dipper” which 
is part of the constellation (star group) known 8s Ursa Major. Most 

ointsr stars” in the bowl of the 

named Dubhe and Merak. Now, if we follow the curving handle of 
the dip er, extending the curve beyond the di per about the length 

distance again we find the star Spica, in Virgo, a little fainter than 
Arcturus and blue-white in color. 

On the opposite side of Polaris from the Big Dipper, and about the 
same distance from it, is an easily recognized W (or M ,  depending on 
the position), which is the distinguishing feature of Cassiopeia. 
Three of the stars in the W have special names: Caph, Ruchbah, and 
Schedir. Toward the south from the W and about as far from it 
as the W is from the pole, is “the great square in Pegasus,” the four 
stars of the square being known as Alpheratz, Algenib, Markab. and 
Scheat. I n  the same way, a few at a time, all the navigational stars 
may be learned. 

people are also aware that the two 
dipper point to Polaris, the North The two pointer stars are 

of the i i p  er itself, we come to the bright ye P low star Arcturus, in 
the constel ’i ation Bo6tes. Continuing the same curve about an equal 

STAR NAMES 

have been known by special names, 
also have another name, consisting of a 
and the possessive form of the constella- 

is also known as a Andromedae. I n  
the same as a city and state name, 

a being the city and Andromeda the state. We may have a Andronri- 
edae and a Cassiopeiae, just as we have Portsmouth, N. H., and Ports- 
mouth, Va. The Greek alphabet is given in table 2. 

Table 2.-The Greek alphabet 

................. 
u .................. 
r . ~  ................ 
u ............... + ................ 
x .............. + .............. 
w ............. 

Letter Name 

Rho. 
Sigma. 
Tau. 
U silon d i .  
Chi. 
Psi. 
Omega. 

a-  ................ 
B ................. 
y ................. 
6 . - -  ............. 
e- ............... r- ................ 
0 . .  ............ 
7j ................ 

Letter 
~- - 
6. ................. 
K .................. 

#. ................ 
Y ................. 

D .................. 
1.- .............. 

A ~ .  ................ 

e .................. 

Alpha. 
Beta. 
Gamma. 
DdtR. 
Epsilon. 
Zeta. 
Eta. 
Theta. 

Name 

Iota. 
Kappa. 
Lamhda. 
Mu. 
Nu. 
Xi. 
Omicron. 
Pi. 

BRIGHTNESS OF STARS 

Stars are classified :ts first nisgnitude. second magnitude. etc., :LC- 
cording to their apparent brightness. A first niagnitude sttkr is 2y2 
times as bright as a second magnitude star. and so on; conversely, a 
second magnitude star is % as bright as a first. Antares and Spica 
are first magnitude stars ; Polaris is second magnitude. 

A few stars are brighter than first magnitude, and are classified in 
order of increasing brightness as 0, -1, or -2 magnitude. Sirius, 
the brightest star, is -2 magnitude; Arcturus is 0 magnitude, which 
is one magnitude brighter than first. 

I n  the preceding paragraphs the nearest whole magnitudes are 
given, as is usually done in speaking of them. Astronomers deter- 
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mine magnitudes to the nearest hundredth, and each whole ma ni- 
tude includes approximately half a magnitude on either side o f  it. 
’rhus, first magnitude extends from 0.51 to 1.50, second from 1.51 to 
2.50, and so on. I n  the Nautical Almanac magnitudes are tabulated 
to the nearest tenth, Sirius being listed as -1.6 (nearest whole 
rriagni tude - 2).  

The stars are 
THE PLANETS 

the planets (of 
from the sun, just as the 

Mars. They can 
four are of interest to 

which does not 
Venus is easy to recognize since it is bri hter than any star; it 

is golden yellow in color and is often callef “the evening star,” or 
“the morning star,” since it is never seen more than 3 hours after 
sunset or 3 hours before sunrise. 

Jupiter is a little fainter than Venus, but brighter than Sirius, the 
brightest star. 

Saturn is about as bright as a first magnitude star and is pale 
yellow in color. 

Mars is decidedly red in color, and varies in brightness from second 
magnitude (as bright as Polaris) to minus 3 magnitude, which is 
between Jupiter and Venus in brightness. 

The sun and its planets all appear to move along approximately 
the same path or plane in the sky, known as the ecliptic; fre uently 
there are one or more planets to be seen at night, and it is not &Ecult 
to visualize the ap roximate position of the ecliptic, along the line 
connecting them. f f  at any time a bright star is seen near the eclip- 
tic where none is shown on the star maps, it is fairly certain to be one 
of the four planets mentioned above. 

It is, therefore, also very easy to identify. 

MOTION OF THE STARS AND PLANETS 

All are familiar with the way in which the sun rises in the east, 
climbs up the sky on an inclined path till noon, when it is toward 
the south,8 and circles downward to set in the west. I n  exactly the 
same way the stars and lanets pass across the night sky from east 
to west. Stars close to solaris, the North Star, do not set. They 
describe small circles around it and never pass below the h o r i ~ o n , ~  

from view in the daytime only because of the greater hright- pussirlf ness o the sun. As the distance from Polaris increases, the radii of 
the circles increase until, near the southern horizon, stars describe 
only flattened arcs not very high above the horizon. 

Aside from this nightly passage of the stars across the sky. their 
apparent motion in space with respect to each other is so slight that 
they are spoken of as “fixed,” and the star patterns or constellations 
remain unchanged for millenniums. By way of contrast, there is 
an appreciable motion of the sun and planets against, the background 
of the stars, even. from day to day. It is for this reason that the 
process of tletermining positions from the sun, niooii, or planets, is 

‘For a11 observer in the lJiiited States. 
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slightly more complicated than in the case of the fixed stars; however, 
with the present arrangement of the Nautical Almanac i t  is very little 
more difficult. This is all the more important since they are the 
bri hter and more easily observed bodies. 

fome of the subjects discussed in this final section, such as the 
motion of the stars and planets, may be considered in the light of 
general astronomy. They are iiot essential to the practice of celestial 
navigation. If these elements are known. however, the various prob- 
lems are more clearly understood, and may be solved more intelli- 
gently and quickly. Those who desire to  study the subject further 
are referred to some of the standard texts listed in the bibliography 
(p. 195). 

THE NAUTICAL ALMANAC 

The pages next following are from the Nautical Almanac for 1938. 
They are included here to illustrate the use of the Almanac in the 
solution of the typical examples presented herein. 
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CORRECTIONS TO BE APPLIED TO THE OBSERVED ALTITUDE OF A 
STAR OR OF THE SUN'S LOWER LIMB, TO FIND THE TRUE ALTITUDE 

281 

. ,  
6 3 0  
6 4 0  
650 
7 0  
7 10 

7 30 
7 40 
750 
8 0  

8 10 
8 20 
8 30 
8 40 
850 

9 0  
9 2 0  
9 40 

10 0 
I O  20 

10 40 
11 0 
I 1  30 
12 0 
12 30 

13 0 
13 30 
I4 0 
15 0 
16 0 

17 0 
I8 0 
19 0 
20 0 
22 0 

24 0 
26 0 
28 0 
30 0 
32 0 

34 0 

38 0 
40 0 
45 0 

5 0 0  
55 0 
6 0 0  
65 0 
70 0 

75 0 
8 0 0  
8 5 0  
9 0 0  

720 

36 o 

- 

TABLE A 

+ 82 
84 
86 
8 7  
89 

+ 9 0  
9 2  
9 3  
9 5  
9 6  

+ 9 7  
9 8  

10 0 
10 I 
IO 2 

+IO 3 
10 5 
10 6 
IO 8 
11 0 

+I1 2 
11 3 
11 5 
11 7 
11 9 

+I2 0 
12 2 
12 3 
12 6 
12 8 

13 2 
13 3 
I3 5 
13 7 

+I4 0 
14 I 
14 3 
14 4 
14 6 

+ I 4  7 
14 8 
I 4  9 
15 0 
I5 1 

+I5 3 
15 4 
I5 5 
I5 6 
15 7 

+I5 8 
15 8 
15 9 

+I6 0 

+A3 0 

- 

-7.9 
77 
1 6  
7 4  
7 2  

-7 1 
70 
6 8  
6 7  
6 6  

-6 4 
6 3  
6 2  
61 
6 0  

-5 9 
5 7  
5 5  
5 3  
5 2  

-5 0 
4 9  
4 7  
4 5  
4 3  

-4 I 
4 0  
3 8  
3 6  
3 4  

-3 2 
30 
2 8  
26 
2 4  

-2 2 
2 0  
I 8  
1 7  
16 

-1 4 
13 
13 
1 2  
1 0  

-0 8 
0 7  
0 6  
0 5  
0 4  

-0 3 
0 2  
-0 I 

0 0  - 

TABLE B 

Jan. I 
15 

Feb. I 
16 

Mar. I 

15 

Apr. 1 
15 

May I 

1s 

June I 

15 

July I 
15 

Aug 1 

16 

sept  I 
I5 

Oct I 

15 

NO\. 1 

I5 

Dec I 

15 

31 

4 . 9  

+o 9 

+o a 
+0.2 

+o 2 
+o 1 

0 0  

0 0  

-0 I 

-0. I 

-0 2 
-0 2 

-0 2 

-0 2 

-0 2 

-0 2 

-0 I 

-0 I 

0 0  

+o 1 

+o 2 
+o 2 

to 3 

+o 3 
+o 3 

TABLE C 

Oomctba for H&ht of E m  

0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
I1 
12 

. 13 
14 

16 
16 

ti 
19 

20 
21 
22 
23 
24 

21 
26 
27 
28 
29 

30 
31 
32 
3: 
34 

35 
37 
39 
41 
43 

45 
47 
49 
51 
53 

55 
60 
65 
70 
75 

80 
85 

95 
LOO 

m 

COR. 

0.0 
-1.0 

1.4 
1.1 
2 0  

-2 2 
2.4 
2.6 
2.8 
29 

-3 1 
3.2 
3.4 
3 5  
3 7  

-3 8 
3.9 
4 0  
4 1  
4 3  

-4 4 
4 5  
4 6  
4 7  
4 8  

-4 9 
5 0  
51 
5 2  
5 3  

-5 4 
54 
55 
5 6  
5 7  

-5 8 
6 0  
61 
6 3  
6 4  

-6 6 
6 7  
6 9  
7 0  
7 1  

-7 3 
7 6  
7 9  
8 2  
8 5  

-Y 8 
9 0  
9 3  
9 6  

-9 8 

I&bt of 
re (fat) - 
100 

200 
250 
300 

350 
400 
460 
so0 
550 

800 
BM) 
700 
750 
800 

860 
800 
950 
lo00 
1050 

1 I00 
1150 
1200 
I250 
1300 

1350 
I400 
1450 
1500 
I550 

1600 
1650 
1700 
I800 
I900 

20011 
2100 
2200 
2300 
2400 

2500 
2600 
2700 
1'800 
2900 

3000 
3100 
3200 
3300 
3400 

3500 
3600 
3700 
3800 
4000 

150 

- 
CW,. - 
- 9.8 
12 0 
13.9 
I5 5 
17 0 

-18 3 
19 6 
208 
21 9 
23 0 

-24 0 
25 0 
25 9 
26 8 
27 7 

-28 6 
29 4 
30.2 
31 0 
31 8 

-32 5 
33 2 
34 0 
34 6 
35 3 

-36 0 
36 7 
37 3 
38 0 
38 6 

-39 2 
39 8 
40 5 
41 6 
42 7 

-43 a 
14 9 
46 0 
47 0 
47 9 

-49 0 
50 0 
5 0 9  
51 9 

-5.3 7 
54 6 
55 4 
36 3 
57 I 

-5d 0 

59 6 
BO 4 
-62 0 

52 n 

58 n 
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284 TABLE E 
BUBBLE SEXTAN'T CORRECTION TO OBSERVED ALTITUDE OF 

SUN OR STAR 
FOR REFRACTION AND PARALLAX 

. ,  
ea0 
640 
660 
7 0  
7 10 

780 
740 
750 
8 0  

8 10 

8 8 0  
840 
8 6 0  

9 0  

940 
10 0 

7 2 0  

a m  

om 

-7.8 
7.6 
7.4 

7.1 

-7.0 
i!! 8 
6.7 
6.5 
6.4 

6.2 
6.1 
5.9 
5.8 
-5.7 

5.6 

-5.2 

7.a 

-6.a 

6.a 

-7.9 
7.7 
7.6 
7.4 
7.2 

-7.1 
7.0 
6.8 
6.7 
6.6 

-6.4 

6.2 
6.1 
6.0 

-5.9 
6.7 
5.5 

6.a 

-5.1 

. ,  
10 0 

10 40 
11 0 
11 80 

12 0 
12 a0 

I4 0 

15 0 
17 0 
18 0 
19 0 

21 0 
2 2 0  
24 0 

io m 

la o 
la a0 

ie o 

m o  

-5.2 
5.0 
4.9 
4.7 
4.5 

4.1 
4.0 

-4.a 

8.8 
3.7 

-3.4 
3.2 
a.o 
2.8 
2.7 

-2.5 
2.4 

-2.0 
2.8 

-5.a 
5.2 
5.0 
4.9 
4.7 

-4.6 

4.1 
4.0 
38 

43 

-a.e 
3 3  
a.1 
a.o 

-2.6 

2.8 

2.1 
2.4 

-2.2 

0bW.d 
AIUtOd. . ,  
24 0 
26 0 
28 0 
a 0 0  
32 0 

34 0 
36 0 
38 0 
4 0 0  
45 0 

M O  
55 0 
0 0 0  
8 6 0  
70 0 

75 0 
8 0 0  
8 6 0  
9 0 0  

- 
#on'# 

cancnon 

-2.0 
1.9 
1.7 
1.6 
1.4 

-1.3 
1.2 
1.1 
1 .O 
0.9 

-0 7 
0.6 
0.5 
0.4 

-0.2 
0.1 
-0.1 
0.0 

o a  

- 
Et&, 

canctbm 

-2.2 
2.0 
1.8 
1.7 
1.6 

-1.4 

I .2 
I .2 
1 0  

-0.8 
0.7 
0.6 
0.6 
0.4 

0.2 
-0.1 

0.0 

1 .a 

-0.a 
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22 4 

21 5 
20.7 
19 8 
19 0 
18.1 

16 4 
15 1 
14.6 
13 7 

I2 
11.9 
I 1  0 
10.1 
9 2 

8.3+ 
7.4 
6 5  
5.6 
4.6 

3.7+ 
2 8 
1.8 
u 9 +  
0.0 
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22.8 23 2 23 7 24 I 24.5 24.91 25.4 

r22.0 -22 4 +22 8 +23 2 +23.6 +24 0 -24 4 
21 1 21.5 21 9 22 3 22.7 23.0 23.4 
20 2 20 6 21 0 21 4 21.7 22 I 22 5 
I9 4 I9 7' 20 1 20 4 20.8 21 1 21 5 
185 188 19 21 19 5 198 20 2 20 5 

17.3+17.6+17 9+18 2+18.6-18.9+19.2r19.5 
16 7 17 0 17.3 17 6 17.9 18.2 18.5 
I5 8 16.1 I6 4 16.7 17.0 17.3 17.5 
14 9 I5 2 IS 4 15.7 16.0 16.3 16 5 
14 0 14.2 14 5 14 8 15.0 15.d 15.6 

8+13 I +13.3+13 5+13.8+14.0+14 3+14.6 
12.2 12.4 12 6 12.8 13.1 13.3 13.6 
11 2 I1 4 11.6 11.9 12.1 12.3 12.5 
10 3 10 5 107 10.9 11.1 1 1  3 11.5 
9 4 9.6 9 7  9.9 10 1 10.2 10 4 

8 5 *  8.6+ 8 8 -  8.9. Q . l +  9.2+ 9.4 
7 5 7 6 7.8 8.0 8.1 8.2 8.4 
6 6  6 7  6 8  7.0 71 7 2  7 3  
5.7 5.8 5 9 6 0 6.1 6.2 6 3 
4.7 4.8 4.9 6.0 5 I 6.2 5 2 

3.8. 3.8- 3.V+ 4.01 4 0 +  4,1+ 4 2  
2 8 2.9 2 9 3 0 3.0 3.1 3.1 
1.9 19 2 0  2 0  2 0  2.1 21 
0.9+ IO. l.O* IO. L O +  I .  + I O  
0.0 0.0 0.01 0.0 0.q 0.0" 0.0 

TABLE F 285 

BUBBLE SEXTANT CORRECTION TO OBSERVED ALTITUDE OF MOON 
FOR REFRACTION AND PARALLAX 

L69 

16 2 
I5 9 
I5 5 
15 I 

t4 7 
4 3 
3.8 
3.4 
2 9 

2.4 

- 
O b  
LIU. 
wda - 
6.6 
6.0 
6.5 
7.0 
7.5 

8.0 
8.5 
9.0 
9.5 
10 0 

11 
12 
13 
14 
15 

16 
I7 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 

478 487 496 505 514 523 532 

166+475+484+493+50 .2+51 .1+520+52 .9  
47 1 48 U 48.9 49.8 50 7 51 6 52 5 
46 8 476 48.5 49 4 50 3 51 2 52 1 
46 4 47.2 48.1 49.0 49 9 50 8 51 6 
46 0 46 8 47 7 48 6 49 4 50.3 51 2 

t45 6 +46 4 c47.3 +48 1 +49 0 +49 8 +50 7 
45 I 46.0 10.8 47 7 48 5 49 4 50 2 
44.7 45.5 46.3 47.2 48.0 48 8 49 7 
44.2 45.0 45 8 46.7 47 5 48 3 49 2 1 
43.7 44.5 45 3 46.2 47.0 47.8 48 6 

+43 2 +44 0 +44 8 +45 6 +46 4 t47.2 +48 0 
37 
38 
39 
40 

41 
42 
43 
44 
45 

41 9 42 7 43 5 443 45 I 459 466' 47 4 
41 3 42 1 42 9 43 7 44 5 453 400 46 8 
40 8 41 6 42 3 43 I 43 9 44 7 45 4 46 2 
40 2 41 0 41 8 42 5 43 3 44 I 44 8 45 6 

+39 7 +40 4 +4I  0 +4l 9 +42 7 *43 4 +44 2 t44 9 
39 I 39 8 40 6 41 3 42 0 42 8 43 5 44 3 
38 5 39 2 39 9 40 7 41 4 42 I 42 9 43 6 
37 9 38 6 39 3 40 0 40 7 41 5 42 2 42 9 
*37.2+37 9t38 6t39 4+40 1 t40 S t 4 1  5t42 2 

_. 

O b .  
Altl- 
tude - 
48 
47 

10 
w 
51 
52 
53 
54 
5s 

56 
57 
58 
59 
66 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 

84 
85 

86 
87 
88 
89 

4s 

a3 

m 
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61.0 
60.7 

59.9 

59 
59.0 
58.6 
58.1 
57.7 

60.3 

282 TABLE D 
CORRECTION TO THE OBSERVED ALTITUDE OF THE MOON 

FOR REFRACTION, PARALLAX, AND SEMIDIAMETER 

61.3+62.5+83.7+64.9+66.0+67.2+68.4+69.6 26 
62.2 63.3 64.5 65.t 66 8 68.0 69.2 27 
61.8 63.0 64.1 65.3 66.4 6i .6  68.8 28 

61.0 62.2 63.3 64.4 65.6 66.7 67.9 30 

5+60.6+61.7+62.9+64.0+65.1 +66.3+67.4 31 
80.2 61 3 62.4 63.5 64.7 65.8 66.9 32 
59.7 60 8 61.9 63.1 64 2 65 3 66.4 33 
59.2 80.3 61.4 62.5 63.6 64.8 65.9 34 
58.7 59.8 809 62 0 63.1 64.2 65 3 35 

61.4 62.6 63.7 n4.9 66.0 67.2 68.4 29 

O b .  
All. 

L o n  
Llmt 

57.2 
56.7 
56.1 
55.6 
550 

5.1 
6.t 
6.1 
7.( 
T.1 

8.( 
8.1 
9.( 
9.: 
10.1 

I1  
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 

t58.2 4 9  3 t60.4 t61.5 t62.6 t63.7 +64.7 36 
57.7 58 8 59.8 60.9 62.0 63.1 64.2 37 
57.2 58.2 59.3 60.4 61.4 62.5 63.6 38 
56.6 57.7 58.7 59.8 60.8 61.9 62.9 39 
56.1 57.1 58.1 59.2 60.2 61.3 62.3 40 

I Al l .  

54.4 
53.9 
53.3 
52.7 
52.0 

43.4 +64.6+86.8 r67.1 +68.3 +69.6 +70.8+72.0 I6 
83.21 83.3 64.41 64.5 65.8 65.61 66.9; 67.0 88.2 66.11 69.31 695 70.7 7b.61 71.9 71.81 18 17 

63.1 64.3 65.5 86.7 67 9 69.2 70.4 71.6 19 
62.9 64.1 65.3 66 5 67.8 69.0 70.2 71.4 20 

+55 5+56.5+57.5*58.6 +59.6+60.6+61.6 41 
54 9 55.9 56.9 57.9 59.0 80.0 61.0 42 
54.3 55.3 56.3 57.3 58.3 59.3 60.3 43 
53.7 54.6 55.6 56.6 57.6 58.6 59.6 44 
53.0 54 0 55.0 56.0 56.9 57.9 58.9 45 

62 7 c 6 3  2+65 1 +M 3 t67 5 e68 7 +70 0 +71.2 21 
625 6 3 r  649 661 673 685 697 709 22 
62 2 63 4 64 6 65 9 670 6 8 2  694 70 6 23 
6 2 0  6 8 1  643 655 887 679 691 703 24 
61 7 629 64 0 65 2 664 67 6 68 8 699 25 

51.41*52 41.63 31+54.31+55.3!+56.2\+57,2]+58.21 46 

29 4 +30 2 +30 +31 6 +32 3 +33 0*33 7 +34 4 
301 30 315 323 330 337 34 
307 31 2 31 31: 9 32 321 333 328 331 34 0 34 343 8 35 362 131 :5": 31 6 32 3 33 33 7 34 352 35 366 

32 0 c32 7 +33 4 +34 I +34 +35 5 +36 3 +37 0 
32 3 33 0 33 7 34 4 35 1 35 9 37 3 
32 6 33 3 34 0 34 7 35 4 36 1 36 37 5 
32 8 33 5 34 2 34 9 35 36 3 37 I 37 8 
33 0 33 7 34 4 35 1 35 36 5 37 3 38 0 

33 3 +34 0 +34 7 r35 +36 2 +36 +37 +38.3 
33 6 34 3 35 35 7 36 4 37 1 3; 385 
33 7 34 4 35 1 36 36 5 37 2 37 38 6 
338 33 8 345 34 6 35135{366/3,4381 35 2 35 36 37 3 38 0 387 38 7 

33 8 +34 5 +35 2 +35 9 i36 
33 8 34 5 35 1 35 8 36 
33 7 34 3 35 0 35 7 36 
33 5 34 2 35 6 36 
33 4 34 0 34 I 35 4 36 

33 2 +33 9 +34 5 +35 2 +35 
33 0 33 6 34 3 34 9 35 
32 7 33 4 34 0 34 7 35 
32 5 33 I 33 7 34 4 35 
32 2 32 8 33 4 34 1 34 

34 9 

31 9+3? 5+33 1 +33 7+34 4 +35 0+35 6 +362 
31 5 32 1 32.8 33 4 34 0 34 6 J5 2 359 
31 2 31 8 324 330 33 6 34 2 34 I) 355 
30 8 31 4 320 32 6 33 2 33 8 34 4 35.0 
304 31.0 31 6 322 328 33 4 340 346 
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1 9 9 5  
20 8 6  
2 1 7 7  
22 6 9  
2 3 6 0  
24 5 2 
25 4 3 
26 3 4  
27 2 6  
28 1 7  
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1 5 1 2  
16 0 3  
1 6 5 9 4  
1 7 5 8 6  
1 8 5 7 7  
1 9 5 6 9  
2 0 5 6 0  
21 55 I 
2254 3 
23 53 4 

STARS, JUNE 1938 

GREENWICH CIVIL TIME 

. ,  
+935 5 
h m  
5 5 

1 39 

a .  

-47 1 5 :  
h r n  
5 2 8  

0 2  

298 58 8 
299 57 9 
300 5 7 0  
301 56.2 
302 55.3 

. ,  
283 31 5 
284 30 6 
285 2 9 7  
286 28.9 
287 28.0 

327 55 2 
328 54 3 
329 53.4 
330 52.6 
331 51 7 
332 50 8 
333 50 0 
334 49 1 

313 50 3 
314 49.5 
315 48.6 
316 47.7 
317 46 9 
318 46.0 
319 45 I 
320 44.3 

303 54.4 
304 53 6 
305 52.7 
306 51 8 
307 51 0 

288 27.1 
289 26.2 
290 25.4 
291 24.5 
292 23.6 

335 48 2 
336 47 4 
337 46 5 
338 45.6 
339 44 8 

321 43.4' 
322 42 5 
323 41  7 
324 40 8 
325 39 9 

308 50.1 
309 49.2 
310 48 3 
311 47.5 
312 46 6 

293 22.8 
294 21.9 
295 21.0 
296 20.2 
297 19 3 

340 43 9 
341 43 0 
342 42 2 
343 41 3 
344 40 4 
345 39 6 
346 38 7 
347 3 7 8  
348 37 0 
349 36 1 

326 39 I 
327 38 2 
328 37 3 
329 36 5 
330 35 6 
331 34 7 
332 33 9 
333 33 0 
334 32 1 
335 31 3 

313 45 8 
314 44 9 
315440 
316 43 1 
317 42 3 
318 41 4 
319 40 5 
320 39 7 
321 3 8 8  
322 37 9 

298 18 4 
299 17 6 
300 16 7 
301 15 8 
302 15 0 
303 14 1 
304 13 2 
305 12 4 
306 I 1  5 
307 10 6 

350 35.2 
351 34.4 
352 33.5 
353 32.6 
354 31.8 

336 30.4 
337 29.5 
338 28.7 
339 27.8 
340 26 9 

32337.1 
324 36.2 
32535.3 
22634.5 
327336 

308 9 8  
309 8.9 
310 8 0  
311 7.2 
312 6 3  

8 - 8 - 1  

Creein~icli Hour An 
q .  (-2.l.L 

I for Oh Grecimich Clvtl Tlme Date 

13 
I4 
15 
16 
17 
I 8  
I 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

SI", 

June I 
II. A. 

- - 

- 
Doc. 

Transit 

. .  
21 2 7 9  
22 27 I 

25 24.5 
26 23 6 

2821 9 
2921 0 
30 20 2 
31 19.3 
32 18 4 
33 1 7 6  
34 I6 7 
35 15 9 
36 150  
37 14 I 
38 13 3 

N"llk1 
S R l l l l m l  
M D I .  2 4 

E E 3" 
a7 22 8 

- __ 

0 .  

27 37 2 
28 38 3 
29 35 5 
30 34 6 
31 3 3 7  
32 32 9 
33 32 0 
34 31 2 
35 30 3 

37 28 6 
38 27 1 
39 26 9 
40 26 0 
41 25 1 
42 24 3 
43 23 4 
54 22 6 

V'Q. 9 L,rD 
May 0 1  

b m  I 
8 34 53 : 
+38 43 : 

h m  
I 59 

36 a9 4 

a ,  

. .  
358 I 6  7 
559 15 9 

0 1 5 0  
1 14.2 
2 13.3 
3 1 2 4  
4 11.6 
5 10.7 
9 9.8 
7 8.9 
8 8.1 
9 7.2 

10 6.4 
11 5.5 
12 4.6 
13 3 8  
14 2 9  
15 2 1  

* .  
357 37 2 
358 36 3 
359 35 5 

0 34.6 
I 33 7 
2 32 9 
3 32 0 
431 I 
5 30 3 
6 29 4 
7 28 6 
8 27 7 
9 26.8 
IO 26.0 
11 25.1 
I2 24 2 
13 23 4 
14 22 5 

0 ,  

351 506 
352 49 7 
353 48 9 
354 48 0 
355 47 1 
356 46 3 
357 45 4 
358 44 6 
339 43 7 

0 42 8 
1 42 0 
2 4 1  1 
3 40 2 
4 39 4 
5 38 5 
6 37 7 
7 39 8 
8 35 9 - rtr A U I  

ni*g 1 3  

-- 
Forndhat.t 

h m  ? 

!2 54 I 5  
0 ,  

-29 56 ' 
h m  
6 18 

0 ,  

345 36 9 
346 36 0 
347 35 2 
348 34 3 
349 33 4 

3 55 6 
4 54 7 
5 53 8 
6 53 0 
7 52.1 
851.3 
9 50.4 

10 49 5 
I I  4 8 7  
12 47.8 

350 32 6 
351 31 7 
352 30 (I 
353 30 0 
354 29 I 

13 46.9 
14 46 1 
15 45 2 
16 44.4 
17 43.5 

3.55 28 2 
356 27 3 
357 26 3 
338 25 6 
359 24 8 

18 42 6 
1941 8 
20 40 9 

Deneb 
.a CY@", 
Mag 1 3  

- - 
0 23 9 
I 23 0 
2 22 2 -__ 

Marhb 
(I rcgola 
h13K 2 6  

!3" 'S 42'2 
e .  

t14.524 
h nu 
6 25 

0 ,  

263 23 6 
264 22 7 

266 21 0 
267 20 1 

?65 21 9 

; i; 2ISl 
* I  

t 4 5  3 :  
h m  
4 3  3 I2 

I 

e lor Ob Greenwich Civil Time Date -- 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  
12 
13 
14 
15 
16 
I 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Crcenwich Hour Ar -- 
0 ,  

265 15 2 
266 14 4 
267 13 5 
268 12 6 
269 11.8 
270 10 9 
271 1 0 0  
272 9 2  
273 8 3  
274 7 4  
275 6 5 
276 5 7 
277 4 8 
278 3 9  
279 3 I 
280 2 2 
281 1 3  

282 59 6 
283 58 7 
284 57 9 
285 57 0 
28656 I 
287 55 9 
288 54 4 
289 53 5 
280 52 6 
291 51 8 
292 50 9 
203 50 0 

282 0 5  

D .  

130 5 9 
131 5 0  
132 4 1 
133 3 3 
334 2 4 
135 1 5  
136 0 7  
136 59 8 
137 58 9 
138 58 1 
139 57 2 
140 56 4 
141 55 5 
142 51 6 
143 53 8 
144 52 9 
145 52 0 
146 51 2 
147 50 3 
148 49 4 
149 48 6 
150 47 7 
151 46 8 
152 46 0 
153 45 1 
154 44 3 
155 43 4 
156 42 6 
I57 41 7 
I58 40 8 

. I 1  . I  S I  

303 36 7 
304 35 9 
305 35 0 
30634 I 
307 33 3 
308 32 4 
309 31 5 
310 30 6 
311 2 9 8  
+I2 28 9 
313 28 0 
314 27 2 
315 26 3 
316 25 4 
317 24 6 
318 23 7 
319 22 8 
320 21 9 
321 21 I 
322 20 2 
323 19 3 
324 18 5 
325 1 7 6  
326 16 7 
327 15 8 
328 15 0 
329 14.1 
330 13 2 
331 12.4 
332 I 1  5 

* #  

277 43 5 
278 42 6 
279 41 8 
280 40 9 
281 40 0 
282 39 I 
283 38 3 
284 37 4 
285 36 5 
286 35 7 
287 34 8 
288 33 9 
289 33 0 
290 32 2 
291 31 3 

293 29 6 
294 28 7 
295 27 8 
296 26 9 
297 26 1 
298 25 2 
299 24 3 
300 23 5 
301 22 6 
302 21 7 
303 20 8 
304 20 0 
305 19 I 
306 I82 

292 30 4 

268 19 3 
269 18 4 
270 17 2 
271 16 
272 I 5  8 
273 14 9 
274 14 I 
275 13 2 
276 I2 3 
277 I I  4 
278 10 6 
279 9 7  
280 8 8 
281 8 0  
282 7 I 
283 6 2  
284 5 4 
285 4 5 
286 3 6 
287 2 8 
288 1 9  
289 1 0  
200 0 1  
280 59.3 
291 58.4 



110 

214 

YlS 

11 
11 
1 :  
1: 
14 

I! 
I f  
l i  
11 
1I 

2c 
21 
22 
23 
24 

25 
26 
27 
28 
29 

.. 
I 31 

32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
b6 
57 
58 
b9 

60 

CORRECTION TO BE ADDED TO TABULATED QREENWCH 
HOUR ANGLE OF STARS 

. ,  
0 0  
0 15 
0 30 
0 45 
1 0  

I 15 
1 3 0  
I45 
2 0  
2 15 

2 3 0  
2 45 
3 0  
3 15 
3 30 

3 45 
4 0  
4 15 
4 3 0  
4 45 

5 0  
5 1 5 '  
5 30 ' 
5 45 ' 
6 I 1  

' 6  161 
6 31 
6 46 
7 1  
7 16: 

7 3 1 :  
7 46 : 
8 I :  
8 16d 
8 31.' 

8 46 
9 I !  
9 I 6  ! 
9 3 1  t 
9 46 f 

IO 1 :  
IO 16 
1031 i 
IO 48 8 
I I  I E 
11 161 
I t  31 5 
I k  469 
12  2 0  
12 1 7 0  

I 2 3 2  1 
I2 47 1 
I3 2 1  
I3 17 2 
I3 32 2 

13 47 3 
I4 2 3  
14 1 7 3  
4 32 4 
4 47 4 

5 2 5  

a ,  

15 2 
I 5  17 
I5 32 
15 47 
16 2 

16 I 7  
16 32 
16 47 
17 2 
I 7  17 

17 32 
17 47 
18 31 
18 181 
18 33 I 

18 48 
19 3 
I 9  18 : 
19 48 

20 3 :  
20 18: 
20 33 1 

20 48 1 

21 3d 

21 1 8 !  
21 3 3 !  
21 48f 

22 18 8 

22 33 i 
22 48 i 
23 3 s  
23 18 1 
23 33 I 

23 48 1 
24 3 1  
24 I9C 
24 34 C 
24 49.1 

25 4 1  
25 19 1 
25 34 1 
25 49 2 
16 4 3  

26 193 
26 34 4 
26 49 4 
17 4 4  
t7 18 5 
!7 34 5 
!7 49 6 
!8 4 6  
'8 196 
!8 34 7 

'8 49 7 
!9 4 8  

934 8 
9 49 9 

0 4 9  

19 33 j 

22 3 !  

:9 1 9 8  

L_ 

2' - 
0 ,  

30 4 '  
30 1 9 '  
30 35 1 
30 50 
31 5 
31 20 
31 3 5 '  
31 50 
32 5 
32 20 

32 35 
32 50 
33 5 .  
33 20 ! 
33 35 i 

33 50 ! 
34 5 1  

34 35 8 

34 bo : 
35 5 ;  
35 u) I 
35 35 I 
35 50 < 
36 5 <  

3621 ( 
36 36 ( 
3651 C 
37 G I  
3521 I 

37 36 I 
37 51 2 
38 6 1  
3821 3 
38 36 3 
3851 4 
39 6 4  
3921 4 
39 36 I 
3951 5 

4 0  6 6  
4021 6 
4 0  36 7 
4051 7 
41 6 7  

41 21 8 
4 1  3 6 8  
4 1  51 9 
42 6 9  
42 21 9 

42 37 0 
42 52 0 
4.3 7 1 
43 22 I 
43 37 I 

43 52 2 
4 4  7 2  
14 22 3 
14 37 3 
14 52 4 

15 7 4 

34 20 ! 

--a - 
. *  

45 7 
45 22 
45 37 % 

45 52 
46 71 

46 22 1 
46 37 ! 
46 52 
47 7 
47 22 I 

47 37 I 
47 52 I 
48 7 '  
48 22 ' 
48 38 ( 

46 53 ( 
49 8 (  
4923 I 
49 38 I 
49 53 : 
50 8 :  
50 23 : 
50 38 2 
50 53 : 
51 8 4  

51 234 
51 38: 
51 535 
52 8 5  
52 23 E 
52 38 6 
52 53 7 
53 8 7  
53 23 7 
53 38 e 
53 53 8 
54 8 8  
54 23 9 
54 39 0 
54 54 0 
55 9 0  
5524 I 
55 39 I 
55 54 2 
56 9 2  

56 24 2 
56 39 3 
56 54 3 
57 9 4  
57 24 4 

57 39 4 
57 64 5 
58 9 5  
58 24 6 
58 39 6 

58 54 6 
50 9 7  
59 24 7 
59 39 8 
59 54 8 

,o 9 9 

- 
4 *  - 

m ,  

60 9 1  
GO 24 I 
GO 39 I 
60 55 ( 
61 IO( 
G I  25 
61 4 0  I 
G I  5.5 
62 10: 
62 25 : 
62 40 : 
62 55 : 
63 10: 
63 25 1 

63 40 ' 
63 55 : 
64 IO! 
64 25 f 
64 40 f 
64 55 f 

65 10 i 
65 25 7 
65 4 0  E 
65 55 E 
66 l O E  

6 6  25 6 
66 40 S 
66 56 0 
67 I I  a 
67 26 a 
6 7 4 1  1 
67 56 I 
68 I I  2 
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17 
17 
17 
17 
17 
17 
17 
17 
17 

17 
IS 
I8 
18 
18 
18 
I8 
18 

17 
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28 
25 24 
2732 
29 39 
31 46 
3354 
36 I 
38 8 
40 15 
42 22 
44 29 
4636 
48 43 
50so 

57 10 
59 16 

1 2 3  
3 2 9  s 35 
7 4 1  
9 4 7  

I 1  53 
13 59 

ii5; 

: 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
19 
16 
17 
I8 
19 
20 
21 
22 
23 

17-20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
20 
20 
20 
20 
20 

-20 

E 

69.3 
68.7 
58.0 
57.1 
56.2 
56.2 
54.1 
52.8 
51.5 
50.1 
48.6 
47.0 
45.3 
43.5 
41.6 
39.6 
37.5 
35.3 
3 3 . 1  
30.7 
28.2 
25.7 
23.0 
20.3 
17.4 

JUNE 12 

4 9  49.7 
I4 20.3 
2850.9 
4321.5 
ST 52.1 
72 22.7 
86 53:4 

101 24.1 
115 54.8 
130 25.4 
144 56.2 
159 26.9 
17357.6 
18828.4 
202 59.2 
217 30.0 
232 0.8 
246 31.7 
261 2 5  
275 33.4 
290 4.3 
304 35.3 
319 6 .2  
333 37 
318 8 -, 

JUNE 13 

R.A. 
m r  

1 2  
2 4  
3 6  
4 0  
0 I1 
6 W  
7 15 
8 17 
9 10 

10 21 
r 42 
3 0 6 3  

33 IW 
(o es 

Ds. 

0.0 

0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0 .3  
0.3 
*.o 
0.0 
1.2 

r1.S 

4.1 

B . A  

14.6 
19.0 
( 3 5  
s3.1 
72.6 
87 I 

101 6 
110.1 
190 u 
143.1 
m.3 
435.4 
eKl.5 
725.0 

I ,  

1; 0" 1 14.8 
13 0 14.8 

54.3 
M. 1 
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1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

)8 
17 
18 
19 
20 

21 
22 
23 
24 

26 
27 
28 
29 
30 

25 

U. S. COAST ANI) GEODETIC: SURVEY 

h m 1  * '  * '  ' b m  
21 4242 d-1426.0  ' 223 1.3 l5.(gso 9 7 
21 43 28 14 23.2 ::: 22348.9 15.0331 9 4 
21 44 14 14 19.5 3,7 224 36.0 15.0J32 9 0 
21 44 69 I4 15.8 225 24 4 15.0332 8 57 
21 46 44 14 12.2 ::: 226 12:2 15.0333 8 54 

21 46 29 ,,-I4 8.6 227 0 .2  150333 8 51 
21 47 13 I4 6 .0  i:: 227 48.2 is'm 8 48 
21 47 57 14 1.4 22836.4 11.w 8 4 4  
21 4841 :: 1367.8 i:: 22924.6 1 5 . m  8 4 1  
21 49R4 13 54.3 3,1 230 13.0 1 5 . m  8 38 

21 50 7 ,2-13 50.8 3,5 231 1.4 15.0131 8 35 
21 5 0 4 9  13 47.3 231 50.0 1 5 . w  8 3 2  
21 51 31 " 13 43.9 ::: 232 38.0 16.03s 8 211 
21 52 18 13 40.6 23327.3 15.0~348 8 2 5  
21 6254 1337.1 ::: 234 16.2 1s.0340 8 22 

21 53 35 ,-13 33.7 235 5.1 15.WO 8 18 
21 54 15 1830.4 23554.2 1 5 . ~ 1  8 15 
21 54 SS " 13 27.1 ::: 236 43.3 15.W 8 12 
21 55 34 E 13 23.8 3,2 237 32.6 15.W4: 8 9 
21 56 13 39 1320.6 238 22.0 15.0343 8 5 

21 5 6 6 2  ,-I3 17.4 3,2 239 11.6 1 s . a ~  8 2 
21 57 30 13 14.2 240 1.1 1 s . 0 3 ~  7 59 
21 58 8 13 11.1 24050.8 15.m46 7 5 6  
21 5 8 4 5  37 13 8.0 241 40.6 15.mr6 7 52 

21 59 58 ,-I3 1.9 3,0 243 20.6 15.0348 7 46 
22 0 34 12 58.9 2,0 244 10.8 15.~3448 7 42 
22 1 9 E 1266.0 z ,o  245 1.1 15.03~0 7 3 9  
22 1 4 4  1253.1 24561.6 15.c351 7 3 6  
22 2 19 z - 1 2 5 0 . 2  :': 24642.1 1 5 . ~ 2  7 3 2  

21 5 9 2 2  13 4.9 24230.6 15.a347 7 4 9  

JUPITER, 1938 
GREENWICH CIVIL TIME 

h m a  * '  ' '  ' 
.6 22 10 16 4 - 1 2  10.7 ' 26029.1 15.W7 
17 22 10 40 12 8.6 ::: 281 22.0 1 5 . w  
I8 22 11 5 25 12 6.6 262 15.1 1 5 . m  
I9 22 11 29 12 4.7 263 8.2 16.mrO 
!O 22 11 62 12 2 3  ::: 264 1.6 1 5 . ~ 7 1  

APRIL 
b m  
6 3 7  
6 34 
630 
6 26 
6 23 

!I 
22 
!3 
14 
!5 

!6 

MAY 
1 22 2 5 2  1 2 4 7 4  24732.8 160362 7 29 
2 1 22 3 26 $12 44:6 ~::124&23.6116:m53) 7 25 

22 12 14 ,-I2 1.0 264 55.1 i$.mn 6 19 
22 12 36 11 59.2 26548.7 15.Uli.7 6 16 
22 12 58 2 11  57.5 ::: 266 42.5 15.mn 6 12 
22 13 18 11  65.8 267 36.5 15.m7s 6 D 
22 13 39 :: 11 54.2 i:! 208 30.6 15 .~74  6 6 
22 13 58 ,-11 62.7 269 24.9 1 5 . ~ 7 8  6 1 

11 51.2 ::: 
11 49.8 
11 48.5 
11  47.2 l . ~  

147 

270 19.3 mmm 5 58 
271 13.9 15.WO 6 54 
272 8.7 ra.mai 5 5 0  
273 3.6 16wz 5 47 

MAY 

3 
4 
5 
6 
7 

8 

IO 
11  
12 

13 
14 
15 
I6 
17 

9 

22 3 58 ,-I2 41.9 2,7 249 14.5 1 5 . W  7 22 
22 4 3 1  12 39.2 250 5 .6  15.0356 7 19 
22 6 2 'I 12 36.6 ::: 250 M.8 15.- 7 15 
22 5 3 4  32 1234.0 251 48.1 1 5 . ~ 7  7 12 
22 6 4 12 31.4 i:: 252 39.6 IS.- 7 8 

22 6 3 4  ,-1228.9 ?,( 25331.2 1 5 . m ~  7 5 

22 7 33 2 12 24.1 ::: 255 14.8 1s.0361 6 5 8  
22 8 2 12 21.7 256 0.9 15.maz 6 5 4  
22 829 12 19.4 i:: 256 59.1 1 5 . w  6 5 1  

22 8 5 7  ,-I2 17.1 1,2 257 5 i . 4  1 5 . m  6 48 
22 9 2 4  12 14.9 s,l 258 43.8 15.0365 6 44 
22 850 12 12.8 259 36.4 1 6 . W  8 41 
22 10 16 12 10.7 ::: 260 29.1 15.0367 6 37 
22 10 40 "-12 8.6 201 22.0 15.~68 6 34 

22 7 4 12 26.5 254 23.0 I5.03u) 7 2 

I1 I 22 16 25 l&ll 46.0 l.l) 273 58.71 1 5 . m l  5 43 

JUNE 

1 122 16 41 ,1-11 44.8 l . l l  274 54.0[15.m~1 6 40 

Ea. P ~ I U :  I-. I,  v m: h b .  I,  I 01: MU. I. v.m; ~ p r .  I ,  0'05; MW. 1. w.m; IW 1.8.03, JJY I. u.01 



PRACTICAL AIR NAVIGATION 

15 3. 3.1 
30 6.0 6.1 
45 9. 9.2 1-11 00 12. 12.9 
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-- 
, I  

3.1 3.2 3.2 3.3 
6.2 6.4 6.5 6.6 
9.4 9.5 9.7 9.9 

11.5 12.7 13.0 13.2 

CORRECTION TO BE ADDED TO TABULATED GREENWICH HOUR 159 
ANGLE OF PLANETS 

75 
90 

I05 
120 

135 
150 
I65 
I 8 0  

195 
110 
125 
240 

155 
170 
185 
IO1 

1 15 
2 30 
3 45’ 
4 60 

5 75 
6 9 0  
7 105 
8 120 

9 135 
10 150 
11 165 
12 180 

13 195 
14 210 
15 225 
16 240 

17 255 
18 270 
19 285 
20 300 

21 315 
22 330 
23 345 

15.0 15.3 15 6 15 9 16.2 16.5 
18.0 18.4 18.7 19.1 19.4 19.8 
2 I .O 2 I .4 2 I .8 22.3 22 .7 23.1 
24 024 525.025.425 926.4 

27.027.528.1 28 629.229.7 
30.030.631.231 832 433.0 
33.033.734.335.035.6 36 3 
36.036.737.4 38.238.939.6 

39.039.840 641 342.1 42.9 
42 042.845.744 545.446.2 
45.045.946 847.748.649 5 
48 049.049.950 951.852 8 

51.052.053 0154.155.156.1 
54.055.1 56.257.258.359.4 
‘7.058.1 59 3’60.4 1.662 7 
‘0.0 1.2 2 41 3 6r4 .8  6.0 

21.622.1 22.723.2 
24 26.4i27,1~27.7~28,4~ 024.625.225.8 

28.8 29.5 30.2 3 1 .O 

43 40841 214 8 4 2 8 4 3 9  315 4146 I/ 
4 5 6 4 6 7 4 7 9 4 9 0  
48 049 250 4\51 6 

21 315 5 0 4 5 1 7 5 2 0 5 4 2  
22 I 330 152 8/54 11.55 4156 81 
23 345 5 5 2 5 6 6 5 8 0 5 9 3  

Vuirllon of Eour Angle per MInule 

I16 i31l 6 3 0  01 4 3  7 3) 8 5 5  4/10 6 8  0111 8 0  3112 9 3  6 

146 9 010 4 11 813 114 5 15 9 

- 
irb 

- 
1 
2 

r: 
5 
6 
7 
8 

9 
IO 
11 
12 

13 
1 4  
15 
16 

17 
15 
10 
20 

21 
21 
23 - - 
n 

- 
1 
2 
3 
4 

5 
6 
7 
8 

9 
IO 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
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Varhllon 01 Uaor Angle pr MlouL. 

wn 1v.01 ia'.oo irdi 1y.m IYID w.w IY.W 1r.m wm 

0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
0 15.0 0 15.0 0 15.0 0 15.0 0 15.0 0 15.0 0 15.0 0 15.0 0 15.1 0 15.1 
030 .0  030 .0  030 .0  030.0 0 3 0 . 0  030 .1  030 .1  030 .1  030 .1  030 .1  
0 4 4 . 9  045 .0  045 .0  045 .0  0 45.1 045 .1  0 45.1 045 .1  0 45.2 0 4 5 . 2  
0 5 9 . 9  1 0 . 0  1 0 . 0  1 0 . 0  1 0 . 1  1 0 . 1  1 0 . 2  1 0 . 2  1 0 . 2  1 0 . 3  
114 .  1 I4 9 115.0  1 1 5  0 1 1 5  1 1 I5 2 115 .2  115 .1  1 1 5 3  1 1 5  4 
129.; I29:9 130 .0  130: l  1 30:l 130:2 1 3 0 . 2  130 .3  13014 1 8 6 4  

169.8  159 .9  2 0.0 2 0.1 2 0.2 2 0.2 2 0.3 2 0.4 2 0.5 2 0.6 
2 14.8 2 14.9 2 15.0 2 15.1 2 15.2 2 15.3 2 15.4 2 15.4 2 15.5 2 15.6 
229 .8  229 .9  2 3 0 . 0  230.1 230 .2  2 3 0 . 3  230.4 230 .5  230 .6  230 .7  
244 .8  244 .9  245 .0  245 .1  2 4 5 . 2  2 4 5 . 3  245 .4  245 .5  245 .7  245 .8  
259 .8  259 .9  3 0.0 3 0.1 3 0.2 3 0.4 3 0.5 3 0.6 3 0.7 3 0.8 

--I -- - . , .  ' . I . * . . . ' . * . # . ' . .  

I 44.9 I 44.9 145 .0  145 .1  I 45.1 I 45.2 i 4 5 . a  I 45.3 I 45.4 145 .5  

3 14.7 3 14.9 3 15.0 a 15.1 3 15.3 3 15.4 3 15.5 3 15.6 3 15.8 3 15.9 
a m 7  3 m . 9  3 30.0 3 30.1 a w . 3  3 30.4 3 30.6 3 30.7 830 .8  3 31.0 
a44 .7  3 44.8 345.0 345 .2  3 45.3 3 45.4 3 45.6 3 45.7 3 45.9 3 4 6 . 0  
3 5 9 7  3 6 9 8  4 0.0 4 0.2 4 0 .3  4 0 5  4 0.6 4 0 8  4 LO 4 1.1 
4 14:7 4 1418 4 15.0 4 15.2 4 15.3 4 15:5 4 15.7 4 15:s 4 1 6 0  4 16.2 
429 .6  4 2 9 . 8  430 .0  430 .2  430 .4  430 .5  4 3 0 7  430.9  431 .1  4 3 1 . 3  
444 .6  4 44.8 4 45.0 4 45.2 4 45.4 4 45.6 4 45.8 4 45 9 4 46.1 4 46.3 
4 5 9 6  459.8  5 0.0 5 0.2 5 0.4 5 0 6  5 0.8 5 1.0 5 1.2 5 1 4  
5 1416 5 14.8 5 15.0 5 15.2 5 15.4 5 15.6 5 15.8 5 16.0 5 16.3 5 1615 
529.6  5 2 9 . 8  5 3 0 . 0  5 3 0 . 2  530.4 530 .7  5 3 0 . 9  531.1 5 3 1 . 3  531 .5  
644 .5  544 .8  6 4 5 . 0  5 4 5 . 2  545 .5  5 4 5 7  6 4 5 . 9  546.1 546 .4  546 .6  
5 59.5 5 59.8 6 0.0 6 0 2 6 0.5 6 0.7 6 1.0 6 1.2 6 1.4 6 1.7 
b 14.6 6 14.8 6 15.0 6 15 2 6 1 5 2  6 15.7 6 16.0 

7 - 
- 

ID 
0 
1 

4 
ti 
6 
7 

0 
10 
11 
12 

14 
15 
16 
17 
18 
19 
!m 
21 
22 
2a 
a4 
211 
26' 
27 
28 
29 

80 
81 
32 
3.9 
84 

85 
36 
37 
88 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
51 
52 sa 
M 
56 w 
67 
58 
59 

80 

a 
a 

a 

ia 

629.5 
6 44.5 
659 .4  
7 14.4 
7 29.4 
744.4 
759 .4  
8 14.3 
8 2 9 . 3  
844 .3  
859 .3  
9 14.3 
929 .2  
944 .2  
9S9.2 
0 14.2 
0 29.2 
0 44.1 
059 .1  
114.1 
129.1 
144.1 
159.0 
2 14.0 
2 29.0 
2 44.0 
2 59.0 
3 13.9 
3 28.9 

3 58.9 

4 28.8 
4 43.8 
4 58.8 

3 43.9 

4 1a.o 

CORRECTION TO BE ADDED TO TABULATED GREENWICH 
HOUR ANGLE OF PLANETS 

161 

6 2 8 . 7  6 30.0 630 .3  6 30.5'630.8 6 31.0 
644 .7  6 4 5 . 0  6 4 5 . 3  6 45.5 6 45.8 6 46 1 6 46.3 6 46.6 6 46.9 
659 .7  7 0.0 7 0 .3  7 0.6 7 0.8 7 1.1 7 1.4 7 1.7 7 2.0 
7 14.7 7 15.0 7 16.3 7 15.6 7 15.9 7 16.2 7 16 4 7 16.7 7 17.0 
7 29.7 7 30.0 7 30.3 7 30.6 7 30.9 7 31.2 7 31.5 7 31.8 7 32.1 
744.7 7 4 5 . 0  745 .3  7 4 5 . 6  7 4 5 . 9  746 .2  7 4 6 . 5  7 4 6 . 9  7 4 7 . 2  
769.7 8 0.0 8 0.3 8 0.6 8 1 0  8 1.3 8 1 6  8 1.9 8 2.2 
8 14.7 8 15.0 8'15.3 8 15.7 8 16:O 8 16.3 8 166 8 17.0 8 17.3 
8 29.7 8 30.0 8 30.3 830.'7 8 31.0 8 31.4 8 31 7 8 32.0 8 22.4 
8 44.6 5 4 5 . 0  843.4 8 45.7 8 46.0 8 46.4 846 .7  8 47.1 8 47.4 
8 5 9 . 6  9 0.0 9 0.4 9 0.7 9 1.1 9 1.4 9 1.8 9 2.2 9 2.5 
9 14.6 9 15.0 9 15.4 9 15 7 9 16 1 9 16.5 9 16.8 9 17.2 9 17.6 
929 .6  930.0 9 3 0 . 4  9 3 0 8  9 3 1  1 931.5  9 3 1 . 9  9 3 2  3 932 .7  
9 44.6 9 45.0 9 45.4 9 45 8 9 46 2 9 46.6 9 46.9 9 47.3 9 47:7 
9 5 9 . 6  10 0.0 10 0 . 4  10 0 8  10 1.2 IO 1 6  10 2.0 10 2.4 10 2.8 

10 14.6 10 15.0 10 15.4 10 16 8 10 16.2 10 16.6 10 17.03 10 17 5 10 17.9 
10 29.6 10 30.0 10 30.4 10 30.8 10 31 3 10 31 7 10 32.1 10 32 5 10 32.9 
10 44.6 10 45.0 10 45.4 10 45.9 10 46.3 10 46.7 10 47 I 10 47.6 10 48.0 
1 0 5 9 6  11 0.0 I1 0.4 11 0.9 11 1.3 11  1.8 11 2 2 I 1  2.6 11 8.1 
11  14.6 11 15.0 11 15.4 11  15.9 1 1  1 6 3  11 16.8 11 17.2 11 17.7 11  18.2 
11 29.5 11 30.0 11  30.5 11 30.9 11  31 4 11 31.8 11  32 3 II 32 8 11  33.2 
11 44.6 I 1  45.0 11  45.5 11 45.9 11 46 4 11 46.9 1 1  47 3 I 1  47.8 I 1  48.3 
11 59.5 12 0.0 12 0.5 12 1.0 12 1.4 12 1.9 12 2.4 12 2.9 12 3.4 
12 14.5 12 15.0 12 15.5 12 16.0 12 16.5 12 17.0 12 17.4 12 17.0 12 18.4 
12 29.5 12 30.0 12 30.5 12 31.0 12 31.5 12 32.0 12 32.5 12 33.0 12 33.5 
12 44.5 1245.0 12 45.5 12 46.0 12 46.5 12 47.0 12 47.5 12 48.1 12 48.6 
12 69.5 13 0.0 13 0.5 13 1.0 13 1.6 13 2.1 13 2.6 13 3.1 13 3.6 
13 14.5 13 1510 13 15.5 13 16.1 13 16.6 13 17.1 13 17.6 13 18.2 13 18.7 
13 29.5 18 30.0 13 30.5 13 31.1 13 31.6 13 32.2 13 32.7 13 33.2 13 33.8 

13 59.4 I4 0.0 14 0.6 14 1 . 1  14 1.7 I4 2 .2  14 2 .8  14 3.4 14 3.9 

I4 29.4 14 30.0 I4 30.6 14 31.2 14 31.7 14 32.3 14 32.9 14 33.5 I4 34.1 
14 44.4 I4 45 0 I4 45.6 14 46.2 I4 46.8 14 47.4 14 47.0 14 48.5 14 49.1 
14 59.4 15 0.0 15 0.6 15 1.2 15 1.8 I5 2.4 15 3.0 15 3.6 15 4 .2  

13 44.4 13 45.0 13 45.6 13 46.1 13 46.6 la 47.2 13 47.7 13 48.3 13 48.8 

14 14.4 14 15.0 14 15.6 14 16.1 14 16.7 14 17.3 14 17.8 14 18.4 14 19.0 

- 
k 

- 
0 
1 
2 

4 
6 
6 
7 

9 

11 
12 
13 
14 
15 
16 
17 
18 
19 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
63 
54 
55 
56 
57 
58 
59 

60 

a 

a 

io  

20 

- 
!UT. 

- 
0.0 

0.5 
0.8 
1.0 
1.3 
1 .S 
1.8  
2 .0  
2.3 
2.5 
2.8 
3.0 
3.3 
3.5 
3.8 
4 . 0  
4 .3  
4.5 
4 . 8  
5.0 

5.8 
6.0 
6.3 
6 .5  
6.8 
7 .O 
7.3 
7.5 
7.8 
8.0 
8.3 
8.5 
8.8 
9.0 
9.3 
9 .5  
9.8 

10.0 
10.3 
10.5 
10.8 
11.0 

11.3 
11.5 
11.8 
12.0 
12.3 
12.5 
12.8 
13.0 
13.3 
13.5 
13.8 
14.0 
14.3 
14.5 
14.8 

15.0 

0.8 

%:! 
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. .  
Mar. 1 132 51 8 

2 13351 2 
3 134 505 
4 135 499 
5 136 492 

Jan. 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 1  
12 
13 
14 
I .5 
16 
17 
18 
19 
20 

21 
22 
2.3 
24 
25 
26 
a7 
28 
29 
30 
31 

Feb. 1 
2 
3 
4 
5 
6 
7 
8 
0 
IO 
I 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
3*1 

. #  

May I 193 2 9 
2 194 19 
3 195 1.0 
4 196 0.0 
5 196590 

GREENWICH HOUR ANGLE OF POLARIS, 1938 

FOR Ob GREENWICH CIVIL TIME 

265 

. .  
13 44 6 
I4435 
15424 
I641 4 
I7403 

. I  

74 26 3 
75 25 E 
76 25 2 
77 24 6 

79 23 5 
80 22 8 
81 223 
8221 7 
8321 1 

84 20 6 
85 20 (I 
86 19 4 
87 I8 9 
88 183 
89 17 7 
90172 
91 160 

93 15 4 
94 14 9 
95 14 3 
96 13 7 
98 126 

0 0 1 1 5  
01 108 
02 103 

04 9 2  
05 8 6  
06 81 
07 75 
08 6 8  

09 6 4  

78 24 a 

92 160 

97 13 a 

99 12a 

03 9a 

IO 58 
I I  5 2  
I2 46 
13 4 1  

I4 3 5  
IS 29 
16 23 
17 17 
I8 1 1  
19 0 5  
20 0 0  
20 59 3 
21 58 7 
22 58 1 
23 57 5 
24 56 9 
25 56 3 
26 5.5 6 
27 55 0 
28 54 4 
29 53 7 
3053 I 
31 52 5 
32 51 8 

34 50 5 
3351 a 

0 .  

Nov. I I3 44 5 
2 1 4 4 3 6  
3 1 5 4 2 8  
4 16420 
5 I741 I 

uly 1 
2 
3 
4 
5 

. *  
252 56 3 
253 55 2 
254 54 0 
255 52 8 
256 51 6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

137486 
138479 
139 47 2 
140 46 5 
141 45 8 
142452 
143 44 5 
144438 
14543 I 
146424 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

197 58 0 
I98570 
199 56 0 
200550 
201 54 0 
202 53 0 
203 52 0 
204 50 9 
205 49 9 
206489 

6 
7 
8 
9 

10 

257 50 5 
258 49 3 
259 48.1 
260 47 0 
261 45 8 

301192 391 
31 193 2 9  

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1840.3 
19395 
2038.7 
21 37.8 
22 37 0 
23.362 
24 35 4 
25 34 7 
26 339 
27 33 I 

28323 
2031 5 
30308 
31 300 
32 293 

I 1  
12 
13 
M 
15 

262446 
263 43.4 
264 42 3 
26541 1 
266 39.9 

16 
17 
18 
19 
20 

14741 6 
148409 
14940.2 
150 39 5 
151 38 7 

16 
17 
18 
I9 
20 
21 
22 
23 
24 
25 

267 38 7 
268 37.6 
269 36 4 
270 35 2 
271 34.1 
272 32 8 
273 31 7 
274 30 5 
275 29.4 
276 28.a 

I6 
17 
18 
I9 
20 

22 
23 
24 
25 

ai 

207 47.8 
208 46 8 
209 45 7 
210 44 6 
211 43 6 

213 41 5 
214 40 4 
215 39 3 
216 38 3 

212 42 5 21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

33 28.5 
34 278 
35 27 0 
36 26 3 
37 25.5 
3824.8 
3924.1 
4023 4 
41 227 
4221 9 

21 
22 
23 
24 
25 
26 
27 
28 
28 
30 

30 311 46 9 31 I 312458 

152380 
153373 
15436.5 
15535.8 
156 35 0 
157 34 3 
15833.5 
159 3!4 7< 
160319 
161 31 1 

iept. I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

3ct. 1 
2 
3 
4 
5 
0 
7 
8 
g 
10 
I 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

26 
27 

29 
30 
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217 37.2 
218 36 1 

220 33.9 
221 32 8 

ai9 35.0 

18 39 2 
19 38.1 
20 37 0 
21 359 
22 34.9 
23 33 8 
24 32 7 
2531 7 
26 30 6 
27 29 5 
28 28 5 
29 27 4 
30 26 4 
31 25 3 
32 24 3 
33 23 3 
34 22 2 
35 21.2 
36 20 2 
37 19 2 

26 
21 
28 
29 
30 I 38 18.1 

39 17 1 
40 16 I 
4 1  15 I 
42 14.1 

277 27.11 
278 25.8 
279 24.7 
280 23 3 
281 2!2 4 

31 
~ U R .  1 

a 
3 
4 

282 21 2 
283 20 a 
284 18 a 
285 17.7 
288 I65 

43 13 1 
44 12 1 
45 11  1 
46 102 
4 7 9 2  
48 8 2  
49 7 2  
SO 6 3  
51 5 3 
52 4 3  

Dee. 1 43 21 2 
2 44 205 
3 45 19s 
4 46 I92 
5 4 7 1 8 5  

53 3 4  
54 24 
55 I 5  
56 06 
56 59 6 
57 5R 7 
58 57 8 
59 56 9 
0 55 9 
I 55 0 
254 1 
3 53 2 
4 52 3 
551 4 
6 50 6 
7 497 
8 48 8 
9 47 9 
1047 I 
I I  462 
12 45 3 
13 44 5 

6 
6 

9 
10 
I 1  
12 
13 
14 

7 

287 IS 3 
2 8 8 1 4 2  

291 107 

292 9 5 
293 84 
294 72 
295 6 I 
296 48 

m~ 13 a 
8 2 9 0 1 1 a  

5 
7 
8 
9 
10 

48 178 
49 I7 I 
50 165 
51 158 
52 15 I 

251 67 5 6  

10 
I 1  
12 
13 
14 
I5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

17222 1 
17321 2 
174 20 4 
175 195 
176 I86  

177 17 8 
178 16 9 
179 16 0 
180 15 I 
181 14 2 
182 13 3 
183 12 4 
I84 I I  4 
185 105 
186 9 6  
187 86 
188 7 7  
189 6 8 
190 5 8  
191 4 8 

31 73 2 0  
32 I 74 I I 

10 
I 1  
12 
13 
14 

232 20 6 
233 I94 
234 I 8  3 
235 17 2 
236 16 0 

I 1  
12 
13 
14 
15 

53 145 
54 138 
55 I32 
56 125 
57 119 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

237 14 9 
238 13 7 
239 12 6 
240 1 1  4 
241 103 
242 9 1 
243 80 
244 6 8 
245 5 6 
246 4 5 

15 
I6 
I7 
18 
19 

297 3 8  
298 26 
299 I 5  
300 0 3  
300 59 2 

16 
I7 
18 
19 
20 

58 1 1  2 
59 106 
60 9 9  
61 9 3  
62 8 7 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

301 58 1 
302 56 9 
303 55 8 
304 54 7 
305 53 6 
306524 
307 51 3 
308 60 2 
309 49 I 
310 48 0 

21 
22 
23 
?4 

63 8 I 
64- 7 4  
65 6 8  
66 6 2  

25 
26 
27 
28 
29 
30 
31 

247 3 3 
248 2 2 
249 I O  
249 59 R 
250 58 7 
251 57 5 
252563 

26 
27 
28 
20 
30 

68 5 0  
69 4 4  
70 3 8  
71 3 2  
72 2 6  
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COn. - 
. e  

+O 31.2 
0 32.1 
0 33.0 
0 33.9 
0 34.8 

+o 35 7 
0 36.6 
0 37.4 
0 38.3 
0 39.1 

+o 39.9 
0 40.7 
0 41.5 
0 42.3 
0 43.1 

t o  43.8 
0 44.6 
0 45.3 
0 4 6 0  
0 46.7 

to 47 4 
0 48.1 
0 48.7 
0 49.4 
0 50.0 

tO 50.6 
0 51.2 
0 51 8 
0 52.4 
0 52.9 

t.0 53.5 
0 54.0 
0 54.5 
0 55.0 
0 55.5 

10 55.9 
0 56.4 
0 56.8 
0 57.2 
0 57.6 

i.0 57.9 
0 58.3 
0 58.6 
0 58.9 
0 59.2 
-0 59.5 
0 59.8 
1 0.0 
1 0.3 
1 0 .5  

-1 0 . 7  
1 0 .8  
1 1.0 
1 1 . 1  
1 1.3 
1 1.4 
1 1.4 
1 1 5  
I 1.5 
1 1.6 
1 1 6  

TABLE 111 
FOR FINDING LATITUDE BY AN OBSERVED ALTITUDE OF POLARIS, 1938 

HOUR ANGLE, ARGUMENT 
Correction for Lou1 Hour Angle to be Applied to True Altitude 

Con. 

. I  

+O 31.2 
0 30.3 
0 29.3 
0 28.4 
0 27.4 

+O 26.5 
0 25.5 
0 24.5 
0 23.5 
0 22.5 

+O 21.5 
0 20.5 
0 195 
0 1 8 5  
0 17.5 

0 15.4 
0 14.4 
0 13.3 
0 12.3 

+o 11.2 
0 10.2 
0 9.1 
0 8 .0  
0 7 .0  

+o 5.9 
0 4.8 
0 3 8  
0 2.7 
0 1.6 

+o 0.6  
-0 0 5  

0 1.6 
0 2.7 
0 3.7 

-0 4.8 
0 5.9 
0 7.0 
0 8 0  
0 9.1 

-0 10.2 
0 11.2 
0 12.3 
0 1 3 3  
0 14.4 

-0 15.4 
0 16.5 
0 17.5 
0 18.5 
0 19.6 

-0 20.6 
0 21.6 
0 22.6 
0 23.6 
0 2 4 6 1  

-0 25 6 
0 26 6 
0 27 5 
0 28 5 
0 29 4 

.O 30.4 

+O 16.5 

- 
L.E - 

ll 
1 
1 
1 
1 
1. 
1( 
1' 
11 
l!  
b 
2 
2: 
2: 
24 

2 
2; 

2 
3( 
31 
3: 
3: 
34 
31 
3E 
31 
3t 
36 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

n 

- 
ca. - 

. #  

-1 1.( 
1 1.1 
1 l . !  
1 1.1 
1 1.4 

1 1.. 
1 1.1 
1 1.c 
1 0.f 

-1 0.t 
1 0.4 
1 0.: 

0 59.d 
-0 59.1 
0 59.: 
0 58.f 
0 582 
0 58.1 

-0 57.6 
0 57.4 
0 57.c 
0 56.6 
0 5 8 . 2  

-0 55.7 
0 55.2 
0 54 e 
0 54.2 
0 53.7 

-0 53 2 
0 52.7 
0 52 I 
0 51 5 
0 30.9 

-0 50 3 
0 4 9 6  
0 4 9 0  
0 48.3 
0 47.6 

.O 47.0 
0 46.2 
0 45.5 
0 44.8 
0 44.0 
.o 43 3 
0 42.5 
0 41.7 
0 4 0 9  
0 40.1 
.o 39 3 
0 38 4 
0 37.6 
0 36.7 
0 35.8 
0 35 0 
0 34.1 
0 33.2 
0 3 2 2  
0 31.3 
0 30.4 

-1 1.; 

1 O.! 

- 
,.EA - 

80 
61 
62 
63 
64 
65 
60 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 

91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
I09 
110 
I l l  
I12 
I13 
114 
I15 
t 16 
117 

Bo 

20 

- 
COn. - . ,  

-0 30. 
0 29. 
0 28. 
0 27. 
0 26.t 

-0 25.' 
0 24. 
0 23. 
0 22. 
0 21.' 

-0 20.1 
0 19.' 
0 18. 
0 17. 
0 16.. 

-0 15: 
0 14., 
0 13., 
0 12.< 
0 Jl.: 

-0 10.: 
0 9. 
0 8.( 
0 7.( 
0 5.! 

0 38 
0 2.: 
0 I (  

-0 O.! 
+o 0.t 
0 I . (  
0 2.; 
0 3.1 
0 4 1  

to  5 5  
0 7 s  
0 8 1  
0 9.1 
0 10.1 

to 11.2 
0 12.3 
0 13.3 
0 14.4 
0 15.4 

b 0  165 
0 17.5 
0 18.5 
0 19.5 
0 20.5 

10 21 5 
0 2 2 5  
0 23 5 
0 24 5 
0 2 5 5  

-0 26 5 
0 2 7 4  
0 28 4 
0 29 3 
0 30 3 
0 31 2 

-0 4.! 

- 
- 
12( 
121 
12: 
I21 
124 
12l 
12f 
12i 
12f 
12€ 
13( 
131 
131 
131 
134 
135 
138 
137 
13E 
139 

141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
1 70 
171 
I72 
I 73 
174 
1 75 
176 
177 
I78 
I79 
180 

140 

- 
L E A  - 

180 
181 
182 
183 
184 
185 
188 
I87 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
I98 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 

13 
3: 
232 
233 
234 
235 
236 
237 

240 

COW. . ,  
+I 1.6 

1 1 6  
1 1.5 
1 1.5 
1 1.4 

+1 1.4 
1 1.3 
1 1.1 
1 1.0 
1 0.8 

+I 0.7 
1 0 .5  
1 0 .3  
1 0.0 
0 59.8 

+o 59.5 
0 59.2 
0 58.9 
0 58.6 
0 58.3 

+o 57.9 
0 57.6 
0 57.2 
0 56.8 
0 56.4 

+o 55.9 
0 55 5 
0 5 5 0  
0 54 5 
0 54.0 

+o 53.5 
0 52 9 
0 52 4 
0 51.8 
0 51.2 

to 50.6 
0 80.0 
0 49.4 
0 48.7 
0 48.1 

to 47.4 
0 46.7 
0 46.0 
0 4 5 3  
0 44.6 

b o  43.8 
0 43.1 
0 42.3 
0 41.5 
0 40.7 

k 0  39 9 
0 39.1 
0 38.3 
0 37.4 
0 36 6 
-0 35.7 
0 34 8 
0 33.9 
0 33.0 
0 32.1 

- 
1. 8.1  - 
24( 
24 1 
24: 
24: 
244 
24: 
24t 
24; 
24f 
24% 
25( 
251 
25: 
25: 
254 
25': 
25t 
251 
25E 
256 
260 
26 1 
262 
263 
264 
265 
266 
267 

26Q 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
28 1 
282 
283 
284 
285 
286 
287 
288 
289 

291 
292 
293 
294 
295 
296 
297 
298 
289 

268 

290 

0 3 1 2 1  300 

- 
L U .  - 

3ch 
30 
30 
30. 
30 
30. 
301 
30 
30, 
3cr 
311 
31 
31' 
31: 
31, 
31! 
31! 
31, 
311 
311 
32( 
321 
32: 
32: 
324 
32: 
32t 
32i 
326 
32s 
33c 
33 1 
331 
333 
334 
335 

337 
338 
339 

34 I 
342 
343 
344 
345 
346 
347 
348 
349 
350 
35 1 
352 
353 
354 
355 
356 
357 
358 
359 
360 

338 

340 

. .  
-0 30 4 

0 31 3 
0 32 2 
0 33.2 
0 34 I 

-0 35.0 
0 35.8 
0 36.7 
0 37.6 
0 38.4 

-0 39.3 
0 40.1 
0 40.9 
0 41.7 
0 42.5 

-0 43.3 
0 44.0 
0 44.8 
0 45 5 
0 46.2 

-0 4 7 0  
0 47.6 

0 49.0 
0 49.6 

0 50.9 
0 51.5 
0 52.1 
0 52.7 

-0 53.2 
0 53.7 
0 54 2 
0 5 5 8  
0 55.2 

-0 55.7 
0 56.2 
0 56.6 
0 57.0 
0 57.4 
.o 57.8 
0 58 2 
0 68.5 
0 58.8 
0 59.2 
0 59.5 
0 59.7 
I 0.0 
I 0 .2  
1 0.4  
1 0 .6  
1 0.8  
1 1.0 
1 1 . 1  
1 I 2  
1 1 . 3  
1 1.4 
1 1 . 5  
1 1 5  
1 1 6  
1 1.6 

o 48.a 

-0 m a  



Chapter VI.-METEOROLOGY 

THE WEATHER BUREAU’S METEOROLOGICAL SERVICE IN AID OF 
AIR NAVIGATION 

AUTHORITY FOR THE SERVICE 

By authority of the Air Conimerce Act of 1CPLti and the Civil 
Aeronautics Act of 1938 the Weather BUIP:LU is charged with the 
responsibility of furnishing an adequate meteorological service for 
:iviation in order “to proniok the safety and efficiencv of air navi- 
gation in the Uiiited States and above the high seas.” 

AIRWAY WEATHER SERVICE 

A successful solution of the wetither problenl for avi:ition requires, 
first of t i l l .  a dense network of surface and upper-:Lit- observation 
stations, nianried by trained observers, and the rapid transniission 
of frequent reports from these. Secondly, it requires a technical 
staff of employees at terniiiinl airports to prepare frequent weather 
m:ips. upper-air chnrts. and diagrnnrs from which a pict lire of the 
changing weather situations may be presented ; anti, thirdly. it re- 
quires conipetent meteorologists to analyze the current weather 
conditions, anticipate the developnient of new situations, compute the 
movenient of pressure systems, :ind to issue. on the basis of these, 
short-period forecasts for the route to be flown. In constantly en- 
deavoring to maintain as complete a service as possible the Weather 
Bureau has established about 550 stations tit fairly regular distances 
apart along the civil airways in the ITnited States, Alaska, and 
Hawaii, and. in addition. over 650 stations rtitlier uiiifornrly distrib- 
uted off the airways for reportiiig weather. Reports are collected 
by teletype and radio froin airway stations and by telegri~ h and 
I elephone froni off -airwa stations, and are relayed to require dp points 
along the airways by t 9 le Civil Aeronautics Authority radio arid 
teletype systems. There are 114 well-distributed stations. equipped 
for taking upper-air wind observations. and additional stations at 
which upper-air observations are made by instruinents which are 
carried aloft by balloons and report coiiditioiis through the niediuin 
of radio signals (radiosonde) . At 150 important airway ternrinds, 
qualified meteorologists of the Weather Rureau are on duty 24 horirs 
a day, charting and :innlyziiig uwither rel’orts ant1 disciissing the 
rrteteorological conditions with pilots. 

Supervision of the airway weather servive in the field is exercised 
by I! general supervising stations, e:ich one of wliicli has t i  certain 
district for which it issues forecasts. maintains an inspections1 serv- 
ice, and has gener:il authority in regard to supervision of stations in 
that district. while the central office at Washington, D. C., has ad- 
ntiiiistrtbtive control arid exercises supervision of the service :is :L 
whole. 
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SURFACE WEATHER OBSERVATIONS 

Weather observations are taken hourly throiighout the 24 hours 
i l t  most of the stations located on civil airways. Special observations 
are taken at these stations whenever marked changes in weather con- 
ditions occur. At stations located off the airways, observations are 
taken every 6 hours, and every 8 hours at a few designated to do this. 
Reports from ships at bea, made twice daily, are also available. 
Observations generally consist of ceiling (height of cloud layers 
above the ground) in feet; sky conditions; visibility in miles; 
weather conditions (including precipitation, squalls, etc.) ; obstruc- 
tion to vision (fog, haze, etc.) ; temperature; dew point; wind 
direction and velocity ; barometric pressure ; pressure change tend- 
ency ; amount, type, and direction of cloiids : and miscellaneous in- 
formation (thunderstorms, line-squalls, etc.) . To facilitate the trans- 
mission of the reports, they are put into ii symbol or figure code. 
depending upon the type of observation and whether the st a t '  1011 
making the report is on an airway. is an b'off-airway" station, or a 
ship at  sea. The symbol reports are described in Plate 111. "Expltm- 
:don  of Symbol Weather Reports," which may be obtiiined from the 
Aerological Division of the Weather Bureau. 

UPPER-AIR OBSERVATIONS 

Weather Bureau first-order stations at airway terminals and a 
number of stations off the airways are equiplxed to take observittions 
of directions and velocities of upper-air winds. These are called 
"pilot-balloon observations." They are niade at  &hour intervals 
and are accomplished by means of a strong, but light, rubber balloon, 
which is inflated with the proper amount of hydrogen or helium to 
make it rise a t  a known rate of speed. This balloon is released and 
its progress in the upper air followed by me:ins of a theodolite, which 
is a special telescope devised to enable the reading of the horizontal 
and vertical angles from the observer of the object being sighted. 
These angles. representing the path of the balloon, are read at reg- 
ular intervals until the balloon passes from sight, reaches 11 sufficient 
height for a satisfactory report, or bursts, due to the excess of in- 
ternal over external pressure. The readings thus obtained, when 
computed in connection with the rate of ascent, readil give the 
velocity :tiid direction of the wind iit the varions desirec 9 altitudes. 
Such information is broadcast by radio to pilots. It is also trans- 
mitted by figure code on teletype and radio ciimits and. when 
charted for a nilinher of stations, gives the pilot a picture of the 
winds he will encounter. 
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Elevation (feet above sea level) 

~ 

121 

Wind direc- Wind ve- 
tion (to near- locity 
est lo", true) fm. p. h.) 
__-._ 

C V l l  02318 2422 22625 2728,42832 2844 62852 2967 83078 3087 
03194 8202' 

........................... 270 28 
4,000 .......................... 280 32 
6,000~ ........................... 
6,000 ......................... 
7.000~. ......................... 

I 8.000 I 78 
........................ 87 
...................... 94 

102 

9;m 
10,Ooo 
11,Ooo ........................ 

Velocities of 100 miles per hour or over are indicated by adding 
W to the direction flgures. 

FIGURE 73.-Typical symbol report of pilot ballon observations with interpretation. 

Upper-air observations are also made by means of radiosondes 
attached to rubber sounding balloons at ap roxiniately 30 Weather 
Bureau, one Navy and two Army stations. [ everal additional radio- 
sonde stations are expected to be established by the Navy during 
the fiscal year beginning July 1, 1989. These instruments are minia- 
ture radio transmitters, from which are obtained records of free& 
temperature, pressure, and humidity from the earth's surface to 
heights of between 50,000 and 75,000 feet. Radiosonde observations 
have recently replaced airplane observations in both the Weather 
Bureau and the Army. The Navy still makes airplane observations 
at a few points. 

Radiosonde observations are made at about 4:OO a. in., E. S. T., 
and the data are evaluated and the reports transmitted over the tele- 
type circuits in time for their receipt at the various forecast centers 
by 7:30 a. m., E. S. T. 

The data secured from the radiosondes each day are plotted at  the 
various Weather Bureau stations on appropriate charts. The baro- 
metric pressure prevailing at the levels, 5,000 10,000, and 14,000 feet 
above sea level are plotted snd isobars arc drawn. Pictures of the 
high and low pressure areas existing at those elevations are thereby 
obtained. From a comparison of these charts and the weather map 
constructed to represent meteorological conditions at the surface of 
the eart,h and near sea level, the weather forecaster is enabled to 
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make improved prediations regarding expected movement.s of mete- 
orological conditions over tjhe country. 

The data obtained from the radiosondes also provide information 
regarding the charact,erist,ics of air masses existing over the various 
parts of t,he earth. A knowledge of these, characteristics makes it 
possible to determine the moisture cont,ent of cold and warm air 
masses which interact to form cyclonic systems which so greatly 
determine our weather. Similarly, it is possible to determine from 
the data the levels at which clouds will form and the likelihood of 
precipitation as well as whether it will probably be rain, snow, or 
some other form. 

A valuable means of portraying and analyzing the information 
secured by the radiosonde is t,he isentropic chart. Several of these 
are prepared every day. Each of t,he charts is used to represent. 
certain meteorological conditions existing on a selected surf ace in 
the atmosphere wherein the flow of unsaturated air generally occurs. 
One chart pertains to a single selected surface, so t, at the different 
charts represent the respective selected surfaces. In making an 
isent,ropic chart, the meteorologist. plots for each radiosonde station 
the barometric pressure in the selected surface and also the pressure 
to which a particle of air from t.hat surface must be lifted in order 
that condensation of the water vapor in that particle may occur. 
Isobars are then drawn for the pressures represented in each sur- 
face. A day by day comparison of these isentropic charts shows 
the flow and interactions of moist and dry tongues of air in the 
given surfaces, and in addition, indications are obtained regarding 
regions where cloudiness, precipation, and possibly t,hunderstorms 
will occur. 

Other charts with various meteorological applications are also 
prepared to aid in the analysis and forecasting of weather on the 
basis of t,he data rendered by the radiosonde observations. 

The analysis of the temperat,ure d a h  provided by the instruments 
also makes it possible t)o estimate the probable minimum and maxi- 
mum temperatures likely to occur during the day. Moreover, it is 
similarly possible to estimat,e the intensity of warm and cold waves 
which may affect, various regions of the country. 

The indications regardin the elevat,ion at  which freezing tempera- 

tion interests by showing levels a t  which the hazard of ice forma- 
tion on aircraft, is a maximum. Aviators are thereby warned to 
avoid the levels at which such temperatures and wet conditions occur 
in the atmos here. One of the principal advanbages of the radio- 

example, airplane) is that i t  provides information to greater heights 
than the other means in question. 

The radiosonde, therefore, affords a method whereby information 
for the protection of stratosphere flying may be readily secured. 
Since this phase of aviation is rapidly approaching the stage where 
regular aerial transport in the stratosphere may be contemplated, the 
new tool of meteorologists is a valuable asset for the progress of I 
aeronautics. 

’ 

ture and saturated or clou fi y air occur are of extreme value to avia- 

sonde over ot R er means of upper-air meteorological observations (for 
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When observations of upper-air wind directions and velocities can- 
not be obtained by means of pilot. balloons, the distribution of baro- 
metric pressures in the three levels referred to above gives an accurate 
indication of probable wind conditions in those levels. 

of great aid by quickly furnishing dara 

reached by airplanes (16,500 ft$. I t  is thus furthering the advance 
of meteorology through the disclosure of the connection which exists 
between movements and characteristics of the stratosphere and thr 
sequence of weather phenomena which we experience at the surface 
of the earth. 

The radiosonde is provin 
regarding meteorological c a an es a t  levels above those ordinarily 

COMMUNICATIONS 

A system of teletype and radio circuits is provided by the Civil 
Aeronautics Authority for the rapid collection and distribution of 
weather information. Such a communication system is essential for 
an effective airway weather service. The weather Observations are 
collected in The reports of each circuit are then automati- 
cally relaye! to such other circuits as require them. complete 
weather information is thus made available at every important air- 
way terminal as soon as the collections and relays have been com- 
pleted, which is only a few minutes after the nieteorological observa- 
tions represented by the report have been made. The reports are 
broadcast by radio to pilots in the air. posted on Weather Bureau 
bulletin boards, entered 011 meteorological charts and maps, and dis- 
seminated by telephone and interphone systems as they are received, so 
that pilots itiid air-line dispatchers have a constant knowledge of the 
latest developments in meteorological conditions. 

Stations off the airwa s report by telephone and telegraph and 
these reports are collecte~ at designated centers and relayed to tele- 
t pe circuits for distribution to all stations where required. Maps 
s t owing the teletype and radio circuits in the United States may be 
obtained upon request from the Civil Aeron~iitics Authority. 

roups. 

WEATHER MAPS AND CHARTS 

I n  order that the information received from a collection of hun- 
dreds of weather reports may be transformed from a pictiire of in- 
stantaneous weather conditions at each stiition to a picture of the 
general conditions over a large area, the reports are entered on maps, 
covering large weas of the country and adjacent regions, and are also 
plotted on various other meteorological charts. From these maps. 
drawn for siirface observations, and charts plotted from the informa- 
tion received from radiosonde and pilot -ballon observations, the 
trained nieteorologist is enabled to make his analysis of weather con- 
ditions pertinent to aviation. Airport weather maps are prepared 
every 6 hours, with special maps at shorter intervals when conditions 
warrant. 

A typical weather map, with the tinalysis of air masses and fronts 
indicated thereon, is given in fi ure 74. Numerous symbols are used 
for brevity, and a description o f them is given in figure 75. 
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F I ~ 2 l l R E  75. 

EXPLANATION OF METEOROLOGICAL DATA AND 
SYMBOLS ENTERED ON WEATHER MAPS 

TOTAL AMOUNT OF ALL CLOUDS 

Proportion of sky covered (in tenths) 

0 Absolutely no clouds in sky. 

(iJ One tenth. 

0 Two or three tenths. 

0 Four. five, or six tenths. 

N-1 6 

Seven or eight tenths 

0 Nine tenths. 

Sky completely covered with clouds. 

@ Sky obscured by 100. duststorm. or other phenomenon 

WIND DIRECTION AND VELOCITY 

E - 1 3 h  

ssE-24%.' 

sw-P 

W W  

W N W - h  

NW& 

NNW-78 

ABBREVIATED DESCRIPTION OF SKY AND SPECIAL PHENOMENA 

-- Low fog. whether on ground or at sea 

00 Haze (but visibility greater than 2.200 yds.) 

< Distant lightning. L%. Heavy squalls 

= Light fog (visibility between 1,100 ydr. and 2,200 yds.) 
(=) Fog at a distance, but not at station (or ship) 

(R) Thunder. without precipitation at station (or ship) 

(9 Dust storm within sight. but not at station (or ship) 

0 Ugly. threatening sky. 

Dust devils seen. A Squally weather. 

} ... in last 3 hours x Waterspouts seen 

0 Visibility reduced by smoke or volcanic ashes 

5 Dust storm (vlsibility greater than 1,100 yds.) 

9 Signs of tropical storm (hurricane) 

Precipitation within sight. 

PRECIPITATION IN LAST HOUR BUT NOT AT TIME OF OBSERVATION 

Precipitation (rain. drizzle, hail.snw. or Sleet) a] Rain shower (s) 
$1 Snow shower (I)  

e] Hail or rein and hail showerW 

R] Slight thunderstorm 

R] Heavy thunderstorm 

v] Drizzle 

*] Rain 

$1 Rain and snow mixed 

... other than showers 

DUST STORMS AND STORMS OF DRIFTING SNOW 

(VISIBILITY LESS THAN 1.W METERS. 1.100 YARDS) 

*] Snow 1 
@ Dust or sand storm. 
fl Dust or sand storm has decreased. 

+ Dust or sand storm, no apprselable chanm. 

@ Storm of drifting snow. 

+. Slight storm of drifting Snow 

$. Heavy storm of drifting snow 
}... plenerally low. 

1% Duct or rand storm his increewd. 

SS. Line of dust storms. 

+ Slight storm of driftin# snow 
$. Heavy storm of drlftlng snow 

} ... generally high 
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FOG (VISIBILITY LESS THAN Loo0 METERS, 1.100 YARDS) 

@ Fog. 

E] Moderate fog in last hour 

E] Thick fog in last hour - -  =I Fog, sky discernible 

=I Fog, sky not discernible. 

has,become thinner 

during last hour. 
- -  
-7 Fog in patches. - 

DRIZZLE (PRECIPITATION CONSISTING OF NUMEROUS MINUTE DROPS 

@ Drizzle 

t Intermittent 

v Continuous 
\...slight drizzle 

1 intermittent 

1: continuous 
1 .-. moderate drizzle. 

@ Rain. 

Intermittent ] 
0 -  Continuous 

: Intermittent 

... slight rain. 

1 ... moderate rain. :. Continuous 

@ Snow (or snow and rain. mixed). 

... slight snow infiBker. 
x Intermittent} 

x *  Continuous 

Intermittent} 
... moderate snow in flakes. += Continuous 

Shower($) of slight or moderate J ... rain. 

}...snow 

% Shower(s). 

i ShowerW of heavy 

9 Shower(s) of s l i ih t  01 moderate 

6 Shower(s) of haivy 

; Intermittent) 

$ Continuous 
... thick drizzle. 

Drizzle and fog 

: Slight or moderate 
)...drizzle and rain. i ThKk 

RAIN 

3 intermittent 1 
+ Continuous 

... heavy rain. 

- 7 Rainand fog 

E Slight of moderate 

j Heavy 
1 ... rain and snow, mixed. 

SNOW 

Intermittent 1 ... heavy snow on flakes. + continuous - 
Snow andfog 

& Grains of snow (frozen drizzle) 

Ice crystals: or frozen raindrops 
(Sleet. U S definition) 

SHOW ERIS) 

8 Shower(s) of slight or moderele 

6 ShowerW of heavy 
) ... rain and anow. 

8 ShowerW 01 snow oelbts (sofl hall). 

8 Showorb) of slight or moderite 

8 Shower(r) of heavy and hall. 

hall. or rain 

THUNDERSTORM 

at time 

of ob. 

@ Thunderstorm 

@ Rain at time 

Thunderstorm modereto without hail. 
but with rain (or snow). 

thundsrstorm 8 Vhunderstorm modereto with hail. 

R Thunderstorm combined with dual storm. 

@ Snow. or rein and snow mixed. at Thunderstorm heavy without hail. 
but with rain (or snow) 

at tlmeof 
observation. fi Thunderstorm heavy with hall. 

’tff Thunderstorm. slight without hall. 
but with raln (orsnow). 

R Thunderstorm slight with hail. 
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RKIIIRE 75.--Contiiiurd. 

CHARACTERISTIC OF BAROMETRIC TENDENCY DURING 

3-HOUR PERIOD ENDING AT TIME OF OBSERVATION 

p Rising. then falling 

Rising. then steady; or rising. 
then rising more slowly. 

,/ Unsteady. 

/ Steady or rising. 

alling or steady. then rising; or 
rising. then rising more quicklv. 

No lower clouds (no symbol) 

n Cumulus of fine weather 

L Fallina. then rising . .  

\ Falling, then steady; or falling. 
Barometer 

now higher then falling more slowly 

than or the \ Unsteady 

same as 3 \ Falling 

hours ago 1 Steady or rising. then falling; or 
falling. then falling more quickly 

FORM OF LOW CLOUD 

Barometer 

now lower 

than 3 
hours ago. 

v Layer of stratus or stratocumulus 

. . - low broken up clouds 01 bad weather 

a Cumulus heavy and swelltng. without anvil top Cumulus of fine weather and stratocumulus 

and stratocumulus 

and low ragged clouds ot bad weather 

Cumulonimbus 

of cumulus clouds 

8 Heavy or swelling cumulus. or cumulonimbus, 

a Heavy or swelling cumulus (or cumulonimbus) 
0 Stratocumulus formed by the flattening 

FORM OF MIDDLE CLOUD 

No middle clouds (no symbol) 

L Typical altostratus. thin 

r~ Typical altostratus. thick (or nimbostratus) 

w Altocumulus, or high stratocumulus, sheet at 

d Altocumulus in small isolated oatches; individual 

one level only 

clouds often show signs of evaporation and are 
more or less lenticular in shape 

4 Altocumulus arranged in mors or less parallel 
bands. or an ordered layer advancing over sky 

r̂ ( Altocumtllus formed by a spreading out of the 
tops of cumulus 

6 Altocumulus associated with altostratus or alto. 
stratus with partially aItocumuIus character 

n Altocumulus castellatus. or scattend 
cumuliform tufts 

C Altocumulur in several sheets at different lmtr 
generally asspeiated with thick fibrous veils 
of cloud and a chaotic appearance of the sW 

FORM OF HIGH CLOUD (CIRRUS CLOUD) 

Np upper clouds (no high clouds, no symbol) 

and isolated masses 

L Cirrus (often in polar bands) or cirrostratus 
advancing over the sky but not more than 
05O above the horizon A Cirrus. delicate. not increasing. scaltered 

2 Cirrus (often in polar bands) or cirrostratus 
advancingover the sky and more than 
15O above the horizon 

I-. Veil of cirrostratus coverine the whole sky 

-. Cirrus, delicate. not increasing. abundant but 
not forming a continuous layer 

7 Cirrus of anvil clouds, usually dense 

-I Cirrostratus not increaslng and not covering / Cirrus, increasing. generally in Ihe form of h o o k  

the whole sky ending in a point or in a small tuft 

d Cirrocumulus predominating. associated with 9 
small quantity of cirrus 

CI=Clrrus 

Cc = Cirrocumulus 

Cs=Cirrostratus 

Ac =Altocumulus 

k = Stratocumulu8 

CLOUD FORMS-ABBREVIATIONS 

st =Stratus Fc- Fractocumulus 

Ns 5 Nimbostratus ACC- Altocumulus castellatus 

Cu=Cumulus Cm -Cumulonimbus mammatus 
Cb =Cumulonimbus (Mernmato cumulus) 

Fs- FractostratUS 



U. S. DEPARTMENT OF AGRICULTURE 
WEATHER BUREAU 

EXPLANATION OF SYMBOL WEATHER REPORTS 
(based on instructions contained in Weather Bureau Circular N 1939) 

[To illustrate the method used in transmission and declphering of symbol weather reports, the following example of such a report is given. Each element of the report is connected by a line with a description of all symbols and canditions 
which might be used in that particular phase of the report. Elements of observations are always transmitted In the same order; therefore all symbol weather reports may be deciphered by reference to this chart] 

L 
Tlme of report 

\ I 
Visibility 

\ 

Weather Wind Classlflnrtion 
of report Type ofreport Ceiling Dew point Barometric 

pressure Station Obstmotiona to vlsion 

Lists of station 
names and their 
re resentatlve A letters are 
posted on Wea- 
ther Bureau Sir- 

rhes bolsc  
N.orEreused 

‘SPL,” meaElng 
‘special report 
mars when c k %  

rime groups are in 
lgurea based on the 

ollowing letters 
Ihowing tho stand- 
rrd of fim: usecl{ 
I. g., 144OE 
mans 2:40 p. m. 
Eastern s tandard 
Fimn: “0030C” 

#-how CiWk, with 

The absenca of la “Oeil- 
ipg” oup indicates an 

u‘nlfkited” oeiling 
(above 9,7W feet). 

number of hundreds of 
leet which apply 81‘8 
used to  indicate the 
height of the ceiling be- 
tween 61 and 9,760 feet, 
Inclusive, above the sta- 
tion e g., “35”indicates 
3,506 feet, “3” indicates 
3M) feet, eto. 

F i g ~ e s r e p ~ n t i n g  the 

rhe absence of a symbol for 
ky Indicates that preciplta- 
ion or obstructions to vlsion 

The absenca of 
a figure for VIS- 
ihility indicates 
that the visi- 
bility is lomiles 
or more. 

The value of the 
visibility below 
10 miles is indi- 
cated by flguras 
representing the 
number of miles 
and/or frsctions 
of miles. 

‘he “weather” element of 
hereport isiadiasted, when 
ppropriate. by the follow- 
ngsymbois: 
11- LighL raln. 
It Moderate raln. 

Fhe “obs tmct io~  to VI- 
don” element oft he rewrt 

Dew point is 
.ndicated, ures aivlng by fig- its 

rhe wind dirrclion is 
ly arrows 89 follows: 

1 I( I( North-northeast. Northeaqt. 
J. North. 

-I( t EaG. ERst-northemt. 

-7 7 EastmUthWt. Southenst. 

T qSouth-southeast. 

T 7  South-southwest. 

+7 West-southwest. 

+L West-northwest. 

.LL North-northwest 

t South. 

/* Southwest. 

-+West. 

L Northweflt. 

indic !Rted The barometric Temperature is 
pressure is indi- indicated by fig- 
eated b y  a ures giving its 
group Of 3 fig- Value to the 
ures; tens, uni nearest degree 
and millibars tenths involv- 3 Fahrenheit. 

ed. T h u s  a Values below 
presgureof 1015.2 zero Fahrenheit 
milhban would are indicated by 
be written as the entry of a 
“162”‘ 898.8 89 minus sign (-1 
‘W”! 1026.7 8 s  i m m e d i a t e l y  
“257”~etC. Sent preceding the 
only by stations flrures for tem- 
equipped with rature. Zero 
mercurial ta- g:pnterd tu 
rometara 

Immediately fob 
lowing. after 1 

tion ’letters to 
p c e  the sta- 

IS indicated, when - a p  

ngs  mbols $-- F- Damp Lightfog. ham, 
F Moderate fog. 
F+ Thick fog. 

FF Densefog. 
OF- Llght fog. ground 

OF Moderatemound 

propriate, by the follow- :hanRes have- 00- 
!urred In weather 
:onditions since the 

ire present and reduce the 
eiilnx to zero and/or the 
risibility to one-flfth mile or 
ess and mako tbe sky unob- 

value- to ~ the 
nearest degree 
Fahrenheit. 

Values below 
Eero Fahrenheit 
rue indicated by 
the minus entry si n of ( a ) 

I m lned fa t z y  
receding the 

&urea for dew 
point. 

.. 
R+ Ileavy rain. 
8- 8 Light Moderate snow. snow. 

.-.. ~ 

rtstatlon bul- p“ etin boards for 
the information 

:lessfly weather 
nnnditions at  

asl report. 
srvahle. 

The absence of the 
,bservation-tg 0 
etter group *~sPI!*~ 

Sir- irts-specin- 
cafydesi nated 
as controlfed air- 

Phe sky conditlon Is indicated 
3y lhe following symbols un- 
ess the condition given above 
8 present: 

8 :::;red clouds. 
@ Brokcn clouds. 
@ Overcast. 

@/ nigh scattered. 
@I HIgh broken. 
$ I  High overcast. 

tered. 

Q Overcast. lower broken. 
Overcast, lower scat- 

@@ Broken, lower broken. 
0 Broken, lower scattered. 

Scattered lower broken. a@ Soatlered: lower scat. 

3/@ Hiph overcast, lower 

3/(D High overcast, lower 

tered. 

broken. 

ZK- S+ Heavy Ligbt freezingrain. snow. 

ZR Mogerate freeEing 
of all concerned. 

ne;&’ 12:30 a. -m. 
Central Etandard 
Pime: “2359M” 

Aflgure OtoQ 
re resenting th; 
tofa1 extent of 
sky oovemd by 
olouds is on- 
bred ’Immedi- 
ately following 
the call letters 
f o r  s t a t i o n  
names In a@ 
cordanh with 
the following: 
0 Noclouds. 
1 Leas thanO.l. 
2 0.1. a 0.2 too.3. 
4 0.4 to0.6. 
5 0 7 tO0.8. 
6 09. 
7 MorethanO.9 

but  with 
brcaks. 

8 O v e r c a s t  
(solid). 

0 Skyobscured. 

ports. 

If no classlflca- 
tion letter is 
used the station 
is not located 
at a controlled 
alrport. 

0: Eatisfactory 
for  c o n t a c t  
flight. 
N: Requiring 
observance of 
i n s t r u m e n t  
flight rules. 
X: Takesff and 

pended. 
l a n d i n g  BUS- 

ndicatee an obaer- 
vation where no 
:rucial changes have 
Dcciirred since the 
last tranamltted ob 
iervation. 

“LCL v 9  meaning 
“local ’extra ohser. 
vation,” appears 
Dnly on re rts sent 
over lwnP0circuits. 
Such report8 are 
made everv 15 min. 

means 11:58 p. m 
Mountaiq€WmdarJ 
F i me.  2 0 1 6 P ”  
means $:la p m 
Paciflo Stan’dard 

“ S P L ”  reDorta 

rime, etc. 

OF+ 

OFF 

IF- 
I F  

IF+ 
IFF 

H 
K- 
K 
K+ 
D- 
D 
D+ 

BS- 

BS 

BE+ 
OS- 

0 8  

OS+ 
BD- 

BD 

BD+ 
BN- 

BN 

BN+ 

fog. - 
fog. 

fog. 

Thick ground 

Dense ground 

Light ice fog. 
Moderate ice 

The Agure naught (0) 
is uscd when the ceiling 
Is zero (below 61 feat). 

The lettnr “V” 
is used, immedi- 
ately following 
the fl ure for 
vis ibihtv.  if 

ZL- L+ Heavy Light freacingdrizzle. drizzle. 

zL Moderate Ireeeing 
drizdn. Fhe ares velocity representing is indicated ita value by Rg- in 

miles per hour, “calm” being 
indicated Ev the letter “C.” 

I Special data When the helght Is 
estimated theletter “E” 
p m d e s  the ceiling flg- 
W S .  

__ 
ZL+Heavy freeein Ig 

driesle. 
E- Light sleet. 
E Moderate sleet. 
E+ Heavy slmt. 
A- Light bail. 
A Moderatehail. 
A+ H,eavy hall. 

AP- Llght small hall. 

fog. 
Thick ice fog. 
Dense ice fog. 

whichare &falone 
3nd all “LCL” re- 
Dorts bear the time 

the visihihty 1s 
fluctuating rap 
idly and is 2 Sperial data romprising praswre 

clianre aud charsrterbtic. 5,OMG 
foot rewre at selected statim-. 
clwdl thunderstorm. anal qnc>- 

If estimated this is indicated 
by ihe entr; of the, letter “E” 
Immediately followmg the VB 

H a y .  
LiRht smoke. of observation im- 

mediately foliowing, 
sfter 1 RDBOB. the 

miles or less. 
A plus sign +) is used 

receding 6 0  ceiling 
ggures to indicate the 
ceiling balloon was 
blown from sight at 
the height represented 
by the ngum and before 
 hirig rig the clouds. 

Moderatesmoke 
Thick smoke. locity Agures. 

The indicated character when of ap the ropriate. wind by lr 
entry, iAmediate$ following 
the velocity of a minus sign (-: 
for “fresh &ts” and a plus sipn 
indication (+) for kstrong of character gusts.” meanr ~c 

the wind is steady. 

depth data. Oreat Lakes - water 

temperature eto., data from selrr- 
tedstations ;tc, areentered in code 
at  certain hues by the stations 
designated to do this, BS separate 
groups, immediately following the 
report proper. These data am iu- 
tended primarily for the prepsrs- 
tion of maps for forecBsting. 

Missing data 

Elements normally sent, but for 
some reawn missing from the trans- 
mission letter 4*k’’ will entered be indicated in the by report the 

in p l w  of the misaing data. 

~. ~._ 
Light dust. 
Moderate dust. 
Thick dust. 
Llght blowing 

snow. 

A P  Moderate small hail. 
AP+ Heavy small hail. 
oP- Light snow pellets. 
O P  Moderate snow pel. 

OP+ Heavy snow pellets. 
SQ- Mild snow squall. 
SQ M o d e r a t e  snow 

lets. 

sauall. 

“SPL” reDorts am Gnttered. 

hroken. 

tered. 

broken. 

scattered. 

D/@ High broken, lowei 

D/(D High broken, lowcr scat. 

D/,/aD HlKh scattcred, lowel 

D/(D HIgh scattered, lowei 

pearing Inkquenols 
do not show the 
the-of-report group 

Moderate blow. 

Thick blowlng 

Liaht drifting 

lng snow. 

snow. 
The letter “V” Is used 
lmmedlately followini 
the fl ures for ceiling 
if  the %eight of the ceill 

and the time of ob- 
nervatlon is oonsid- 
ered as the time 01 
all other reports In 
the sequence as in- 
dicated in the s ~ -  
puence heading. 

Wind ahips which have occurred 
at the reportin starion an 
Indicated, ir*ime%iateiy follow 

snow. 
Moderate drift 

Thi& driitlni 
In snow 

SQ+ hy‘ere snow squall. 
RQ- Mild rain squall. 
RQ Moderaterain squall. 

in Is changeable and 
be7 ow 2,000 feet. lug the other wind data. by 81 

arrow showin the directton tc 
R nointq onlvf from which 6, The plus (+) or minus (-1 

iign preceding the cloudines 
symbol indicates “dark” and 

R -4- Severe rain squall. 8- Mild thunderstorm. 
T Moderate thunder. 

snow. 

dust. 

ing dust. 

Light blowin8 

Moderate blow 

Thlck blowinr 

- ~. 
storm. 

T+ Severe thunderstorm. 
SW- Light snow showers. 
8W Moderate snow show 

“thin,” respectively. 

Aelght of lower scattered 
clouds is Indicated by the 
sntry of a figure, representing 
the hundreds of feet applying 
lmmedietely precedin thc 
scattered clouds symboff 

ing letter showin the standarc 
of time used. TL intensity o 
the shift is indicated by thi 
minus sipn (-) for “mild,” th, 
absenre of a sign for “moderate ’ 
and $10 ven, tRe sims being en 
standard4timo Wed immediatd Tetter. following th 

lus sign (+) for 

dust. 

sand. 

Ing sand. 

Light blowini 

Moderate blow 

Thick blowinr 

ers. 
8 W + Henvy snow showers. 
RW - Light rain showers. 
HW Moderate rain show. 

RW+Aeavyrainshowers. 
TORNADO (always writ. 
ten out in full). 

ers. 
sand. 

For example, the report given above would be deciphered as follows: Washington-sky more than nine-tenths covered but with breaks; satisfactOrp lor contact flight; spoid Ieiwt at k24 p. m., Eastern Standard Time; ceiling estimated at 3.000 feat; overarst, lower scattered clouds at 1,5W feet: visibility 2 m i k ,  vwiahle: 
d d  thunderstorm; light mln; light blowing dust; barometric pressure 1015.2 millibars; temperature 8 8 O  F.; dew point 80’ F.; Wind west-northwest 18 miles per hour, Irssh gusts; moderate wind shift from the south at 4:lS p. m., Eastern Standard Time; altimeter setting, 29.96 Inchas; dark to the northwest. 

lQ915’- :{9 ( F a c e  p. 126) 
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AIRWAY FORECASTS 

From careful study and analysis of meteorological chtwts and maps 
the forecasts are made. Airway forecasters are on duty 24 hours a 
day at  the fifteen general supervising stations, which itre also fore- 
cast centers for their respective districts. At these stations airway 
forecasts are made every six hours for periods of eight hours in ad- 
vance for all airways and all terminals within the district. Such 
forecasts include ceiling heights, visibility, sky conditions, pixcipita- 
tion, fog, smoke, haze, icing, thunderstorms. squalls, etc., expected to 
occiir over the airways or at the terminnl within the district during 
the period of the forecast. Special forecasts are issued when condi- 
tons change rapidly. I n  some instances, forecasts for a period longer 
than eight hours in advance are made, when required, for long cross- 
country flights. The following is iln example of such a forecast is- 
sued by a supervising station : 

Warm front extendirig Springfield to Tarkio to Sorth Platte to Dickinson with 
warm moist air to south and west overrunning cold surface air to north and 
east will advance slowly north and eastward causing scattered to broken clouds 
with ceiling 8,OOO feet or more ahead of i t  and overcast 5,000 feet or more in 
few mild thundershowers. Visibility 6 miles or more all stations except in rain 
areas and smoke at Chicago where visibilities of 3 miles or more will be ex- 
perienced. Increasing high scattered to broken clouds and increasing lower 
cloud8 becoming overcast during afternoon in mild to moderate thiinctershowers 
within warm air m i s s  in Iowa and Houthern Minnesota. Ceiling 3,OOO feet and 
visibility very low at times dnring afternoon i n  shower areas, otherwise viqihility 
more than 6 m i l ~ s .  

MISCELLANEOUS SERVICES RENDERED 

The Weather Bureau has also special and miscellaneous duties in 
regard to aviation, such as maintaining meteor010 ical service for air 
meets, air races, and massed flights of Army an$ Navy planes. In 
addition, meteorological data are compiled for airline and aircrilft 
coinpanies and Government agencies to be used in helping to solve the 
problems of aviation as affected by the weiither. Pilots or operators 
may consult with trained nieteorologists for infornitition concerniiig 
their weather problems. This consultiition service is available at 
important airway terminals a t  all hours of the day or night, and is 
of great value, particularly in regard to avoiding weather disturbances 
or choosing the most desirable altitude with respect to upper air 
winds. 

INTERPRETATION OF THE WEATHER MAP 

IMPORTANCE OF UNDERSTANDING WEATHER MAPS 

The preceding section was prepared by the United States Weather 
Bureau, and describes the collection and dissemination of this niost 
important information. ilot should 
be his own forecaster, under some circumstances a know r edge of the 
weather may become a matter of life or death. Certainly an under- 
standing of fundaniental meteorological principles renders the advice 
of the meteorologist more intelligible and may prove of great. value 
when such services are riot available. The brief treatment which fol- 
lows is necessarily gener:tl and suggestive only, but it is hoped that 
i t  may be of some assistance, and may make reference to the standard 

While it is not expected that a 
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text,s on meteorology a bit easier. Those desiring a more complete 
and detailed treatment. are referred to  the bibliography on page 195. 

METEOROLOGICAL SYMBOLS 

In  order to depict aeronautical data clearly on the charts of the 
Coast and Geodetic Survey, special aeronautical symbols are required ; 
similarly, numerous symbols are used to record the various meteor- 
ological data. By comparing the weather map of figure 74 with the 
symbols and descriptions of figure 75, the wealth of information which 
it contains may be more fully appreciated. 

The amount and type of cloudiness a t  any of the reporting stations 
on the map; temperature and dew point; preci >itation of various 
kinds and degree (light, moderate, or heavy) ; jog, thunderstorms, 
barometric pressure and pressure changes ; wind direction and ve- 
locity-all and more are clearly indicated b s mbols and figures. 

Figure 76 may be called a “station model.‘ Pt is simply an enlarge- 
ment of the conventional circle representing a city or Weather Bureau 
station on a weather map, and shows the standard placing of the 
various data around the circle. This standard placing of data i s  
departed from only when compelled by congestion. 

I JHinher  clouds 
Wind force (Beaufort 5 )  

Surface wind direction 

Visibility in fractions of a mile 

State of weather, by symbol 
(see fig 75) 

Ceiling height. in code 

Red line indicates thunder storm 

f 0.47, 
€5 1.02 0- 

Lower clouds \ 

- 
I Middle clouds 

-Amount of sky covered 
with clouds 

-Dew point in degrees F 

-Temperature in degrees F 

-Barometric pressure in millibars 

‘Pressure change and amount 

- Time of thunderstorm 
(entered in red) - 

Direction and force of 
highest wind aloft 

Precipitation in inches 

FrouEBI 76 -Statloti model, ~ h o w i n g  placing of meteorological data 

Wind directions are iiidicated by arrows; “the arrows fly with the 
wind,” the wind always blowing along the shaft of the arrow, toward 
the city. The wind velocity is indicated by the number and length 
of the barbs on the feather end of the arrow. Referring to the 
Beaufort, scale of wind force (table 6, p. 177), it may be seen that a 
number has been assigiied to each wind velocity defined and tabulated. 
Wind of force 1 is represented by one short barb on the arrow ; wind 
of force 2, by one Ion barb; force 3 by one long and one short barb, 
force 4 by two longtarbs ,  and so on. Thus, the second arrow of 
the fourth line under “Wind Direction and Velocit,y” (fig. 75) shows 
two long barbs and one short, and corres onds to a wind of force 5, 

RS 24 m. p. h. 
which ranges from 19 to 24 m. p. h.; in x‘ gure 75 this is interpreted 
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Lines known as isobars are also shown, connecting points where 

.the barometric pressure is the same and the boundaries or fronts 
between the diverse air masses are indicated. 

THE AIR OCEAN 

I n  order to understand the various meteorological actions and reac- 
tions and their interpretation from the weather maps, it should be 
realized that “man is a deep-air animal.” We live at the bottom of 
an air ocean, and our fastest planes are those which have been stream- 
lined so that they resemble a great fish, or a whale, and are able to 
pass through the air ocean with the least resistance. 

Even though it is invisible, the ocean of air is just as real just as 
tangible, as the ocean of water. In  it there are currents (winds), 
some of which flow with the regularit of the Gulf Stream, while 
others are “as changeable as the winl’, Near the surface of the 
earth, wind is restrained and deflected b rid es and other obstruc- 

of a rid e or hangar, just as waterfalls exist where the stream plun es 
over a !? edge; the reverse situation also exists, the wind being $e- 
flected upward for a considerable distance when it meets ail obstncle. 
The greatest care must be exercised, therefore, when flying near the 
ground. 

tions, resulting in gusts and bumpy air. Y g  ‘Airfalls” exist over the top 

ATMOSPHERIC PREBSURE 

The air ocean is substantial enough to support ships wei hing 

This means that a t  sea level the 
%ody of an adult is subject to an atmospheric pressure of approxi- 
mately 30 tons. 

The weight of the air ocean may be measured with a barometer. 
As we ascend there is less air above us, and hence less weight, or 
atniospheric pressure ; the ultinieter is sim ly a barometer which has 

Atmospheric pressure is generally measured in terms of the height 
of the column of mercur which it will support in an ordinary mer- 

also be read in these same terms. The extreme variation in bnro- 
metric pressure recorded in the United States ran es from about 
27.40 inches to 31.50 inches of mercury at sea leve 7 . The normnl 
variation,. of course, is much less. As shown in figure 74, barometric 
pressure is now reported and shown on weather maps in terms of 
millibars, 1 inch of mercury being equal to 33.86 millibars. Thus the 
pressure at a given time and place may be expressed either as 29.93 
inches of mercury,. or as 1013.4 millibars. 

On the manuscript .weather maps prepared a t  the airports, the last 
three figures of the barometric pressure are recorded immediate1 to 
the right, of the circle representing a city. For example, w i t i  a 
pressure of 1013.4 millibars, the figures 13.4 would be entered imme- 
diately to the right of the clrcle. 

many tons, and possesses weight exerting a pressure of near 7 y 15 

been graduitted to record this pressure di B erence directly in feet. 

curial barometer ; aneroi J barometers are so graduated that they may 

ounds per square inch at sea level. 
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I n  order to have a uniform basis of coinparison, the pressures oh- 
served at various places are reduced to pressure at sea level before 
being recorded on the map. The isobars are then drawn through 
points having the same barometric pressure. In figure 74 the isobars 
are drawn for every three millibars of difference i n  pressure. Inter- 
vals of two and of four millibars are also used, depending chiefly on 
the scale of the map. The centers of areas of low barometric pres- 
sure are indicated by the word “LOW,” or by the letter “1,”; the 
centers of high barometric pressure by the word “HIGH,” or the 
letter “H.” Several areas of both high and low pressure may be 
noted in figure 74. 

CAUSES OF WEATHER CHANCES 

Comparison has already been made between the air ocean and the 
ocean of water. Between the warm water of the equatorial regions 
and the cold water near the poles some interchange and admixture 
are continually taking place, and definite physical reactions occur. 
Similarly, when a mass of air from the warm equatorial regions 
meets an air mass from the cold polar regions there occur physical 
reactions which niay be readily understood. 

Most of the phenomena associated with weather changes occur in 
this way, a familiar illustration being found in the escaping steam 
froni the exhaust of a locomotive or power plant (fig. 77). 

All air contains a certain amount o watei vapor; the warmer the 
air, the greater the amount of moisture it can contain. As the steam 
(which is essentially very warm, moist air) rises into the cooler and 
drier atmosphere, it is cooled until it can no longer retain all its 
moisture; some of it condenses into the minute water droplets which 
we see as steam, and a small cloud is farmed ; an occasional drop of 
water, or “rain,” may even fall to the ground. The wind imparts 
horizontal motion, but the miniature cloud never attains an great 

by the drier and “thirstier” surrounding air. 
I n  this one illustration, as a result of the reactions between two 

different air masses, we have seen vertical currents set u horizontal 

I n  a general way, this is the process of all weather phenomena. 
I n  latitudes near the equator, because of the more nearly perpen- 

dicular rays from the sun and the comparatively dark covering of 
foliage in these areas, a much greater amount of heat is received than 
in the polar regions, where the sun’s rays are quite oblique and the 
white surface of snow and ice tends to reflect the sun’s heat. At the 
same time, the snow and ice covering is. mpre favorable for radiation 
than the green vegetatlon, and the radiation of heat by the earth is 
nearly as great at the poles as a t  the equator. Due to these in- 
equalities of heating by the sun and of radiation by the earth, an 
excess of heat is accumulated in equatorial regions, while a deficiency 
is set up in polar re ons. Practically all meteorological phenom- 
ena-such as winds, c f ouds, and precipitation-result from the tencl- 
ency to  equalize these heat differences. 

size, since around its edges the water vapor is again being a l sorbed 

movement, condensation and precipitation, and clou (PI formation. 
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F I ~ . U K E  ;;.--Cloud formation illustrated hl- escnl ing  steam. 
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The higher temperatures and predominating ocean areas in the 
tropics result in warm air masses with high moisture content. The 
broad expanse of land area to the north of the United $tat= is 
protected from the moisture-laden winds of the Pacific by high 
coastal mountains; in conjunction with the low temperatures of 
northern Canada and Alaska. this results in cold air masses with 
very little moisture. 

I n  studying the distribution of pressure over the earth it is found 
that there are more or less permanent pressure belts. h i l e  areas 
of low and high pressure are constantly in motion (see p. 138), high 
pressures are fairly constant at the poles. Also, on each side of 
the equator, close to the tropics, there is a belt of high pressure known 
as the “horse latitudes.” Between these tropical belts of high preb- 
sure near the equtttor, is the region known as the “doldrums,” where 
the pressure reni:tins nearly uniform and winds are li h t  and vari- 

high pressure area near the north pole, while warm. moist air moves 
northward from the tro ical belt of high pressure. 

example, from the Gnlf of Mexico-comes in contact with the cold 
polar air, the warm air is chilled to the point where it can no longer 
retain all its moisture; some of it con(lenses, just as in the case of 
the warm, moist steam meeting the colder and drier air, and cloiidi- 
ness or precipitation and other meteorological reactions take place. 

able. It is supposed that cold, dry air is expelled sout. f ward by the 

When, in our latitu x es, warm moist air from the tropics-for 

AIR MASS DESIGNATIONS 

On weather maps (see fig. 74) the air inasses are divided into two 
principal classes, according to thei soiirce regions-polar, or cold, and 
tropical, or warm. These are again subdivided, on the general basis 
of moisture, into two main classes, depending on whether the soiirce 
is land and dry, or water and moist ; these two classes are designated 
as continental and maritime, respectively. A third classification, 
designnted as %iperior.“ is applied t o  high-level air masses of the 
middle and upper troposphere (see p. 140). The identification of the 
source regions of the air masses, a i d  the tracing of the boundaries or 
“fronts” between them. are important parts of the work of the 
meteorologist. 

An air mass that has acquired characteristic properties is designated 
by the name or abbreviation of its source region. As it moves onwnrd 
over the changing surface of the earth, different thermal and moisture 
characteristics are acquired, especially in the lower layers. These 
changes in the original properties of the air mass are caused by the 
radiation of heat from the earth’s silrface, b mixing, by condensation 
or evaporation, and other causes. When d e  original characteristics 
have become somewhat modified because of sac11 reasons, the desipna- 
tion of the air mass is also modified b prefixing the letter N (Neu- 

source regions used on weather maps and lists the abbreviations com- 
monly employed to designate them. 

tralized-transitional or modified). ?y he following table defines the 
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Table .?.-Air mas8 classification and designations 

Corresponding air-mass 
name 

Clawifiration afkr 
Bergrrorr’ 

Source by- 
Local source region __-- 

Nature 
- __ 

Conti- 
nental 

Marl- 
time 

Man- 
time 

___ 
High- 
level 

~~ 

Latitude 
____-- 

Polar 

Tropical 

___ 
Tropical and 

sub-polar 

_-_-__ ___-- 
Polar Canadian or row 

tinental. Pc. 

---____ 
cA or CAW, winter. 
CP or cPk, summrr. 

Alsska, Canada. and 
Arctic. 

Modifled in southern and 
central United States. 

Colder portions of North 
Paciflc Ocean. 

Transitional polar conti- 
nental, Npc. 

Polar Pacific, Pp. 
- 

cPw or cl’k. winter. 
cPk, summer. 

mAk or mPk. winter. 
m P  or mPw. summer. 

- 

Modifled in central and 
western United States. 

Transitional polar Pa- 
cific, ~ p p .  

cl’w, winter. 
cPk. summrr. 

Modified over warm por- 
tiom of Pacific. 

T’ransitional polar Pa- 
cific, Npp. 

mP or mPk, winter. 
m P  or mPk, summer. 

Colder portions of North 
Atlantic Ocean. 

Polar Atlantic. Pa. mPk, winter. 
mPw. spring and sum- 

mer. 

Modifled over warm por- 
tions of Atlantic. 

’rransit!onal polar At -  

Tropical Atlantic, Ta. 

lantic. Npe. 
InPk, winter, spring. 

and summer. 

m T  or mTk, winter. 
mTk, summer. 

Gulf of Mexico. Caribbean 
Sea, Sargasqo Sea, and 
Middle Atlantic (also 
southern United States 
in summer). 

Modifled over northern 
TJ.  8. or North Atlantic. 

Transitional tropical A t -  
lantic. Nta.  

mTw, wintrr and summer 

Northern part Paciflc 
trade-wind belt. 

Tropical I’aciflr, T i )  
(usually not found in 
summer). 

mT or niTk. wintar 

Modifled in U. 8. or over 
North Pacific. 

Transitional tropiral 1% 
ciflc, Ntn. 

niTw. wintrr. 

Middle and upper tropo- 
sphrre 

Suprrior, 8. 

‘Explanation of symbols. 
A is Arctir. 
P is I’olar. 

Rergeron’s classification not oiily tells the source region of the 
air mass but i t  also gives some idea of the therrnal stratification. 
The source region of the air is designated :is follows: A ,  arctic; P,  
polar; T, tropical. The natural source regions are desigiiated by m 
for maritime and c for continental. The letters uj and IC give a 
differential thermal value of the air mms. The letter 70 does not 
memi that the air is warm itself, but means that it is warmer than 
the surface (ground, ocean, or snow cover) over which it is passing. 
Because i t  is warmer than the surface over which it, is traveling it 
is cooled from below and becomes a stable air mass. The weather 
properties of such an air mass are poor visibility, and possibly stratiis 
clouds and fog. Likewise, the letter k means that the air is colder 
than the surfwe over which it is passing; it, is therefore heated from 
below and becomes unstable resulting in the formation of cumulus 
clouds and possibly showers and thunderstorms. 
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I n  the weather map of figure 74, the eastern and southeastern por- 
tions of the United StHtes are covered by maritime tropical air. 
This is a warm moist air with temperatures close to 90” F. and dew 
points in the lower seventies. Because it is colder than the surface 
over which it is traveling, it is conditionally unstable and most of 
the stations report swelling cuniulus clouds iind a few report cuniulo- 
nimbus clouds with an active thunderstorm. 

The north and central Plain states, and the Lake region is covered 
by continental polar air. I t  is relatively cool and dry, with tem- 
peratures near 80” F. and the dew points in the middle sixties. It 
is also colder than the surface over which it is traveling. In the 
central part of the air mass it will be noted that most stntions report 
clear or scattered clouds which are “fair weather” cumulus. 

The heavy line repre- 
sents a cold front; the double line it warm front. Along this front 
are several waves or slight depressions. It will be noted that the 
most cloudy and rainy weather (shaded area) occurs just north of 
the front. This bad weather is caused by lifting of the moist tropical 
air over the wedge of cooler continental polar air. This lifting causes 
the tropical air to cool adiabatically (see p. 139) to a temperature 
below the dew point, and results in condensation and precipitation. 

I n  the northwest is a cold front (heavy line). To the west of this 
front there is maritime polar a i r ;  because it is stable, few cumulus 
clouds are reported. EiIst of the cald front Superior air is found at  
the ground. General sinking brought this iiir within several hun- 
dred meters of the ground and heating and turbulence over the 
Plateau brought the air to the surface. This Superior air is reli~- 
tively so dry that only scattered clouds exist in the air mass and 
along the front. 

Between these two air masses a front exists. 

THE DEVELOPMENT OF A DEPRESSION 

The way in which the meeting of dissimilar air masses produces the 
various meteorological reactions is further illustrated in figure 78. 
At the left of the figure c*old air is shown flowing from the northeist, 

PII.LIHI. 78. -De\ elopmieiir 01 at di.pi +’\\ion. 

with warm itir flowing from the southwest. The surface between the 
two air masses and along which they move is referred to as “the sur 
face of discontinuity,” and the line representing this surface on the 
weather map is called the “polar front.” Depressions (areas of low 
barometric ressure) form along this front as described below, and 

cold and warm air. 
the front between the two air masses, the usual tendency 

constitute t I: e means by which interchange takes place between the 

is for t, P e cold air to push southward and for the warm air to move 
Alon 
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northward, causin 

the 
of t R e figure. This exaggerated bulge is the newly born depression, 
which is shown on a larger scale ~ n d  in more detail in figure 79. 

In the upper part of the figure the brokeii line representing the 
polar front is divided into two sections, marked respective1 as the 
“warm front” and the “cold front.” The area within the B ulge of 
the polar front, between the warm and cold fronts, contains warm 
air, while the rest of the area shown is covered by cold air. 

a bulge toward the north, as shown in the cen- 
tral part of the B gure. This movement having once 
cold air tends to swing around still farther at the back, 

rotruding tongue of warm air as illustrated in the 

I b 

1 1 
FWUKK 71) --‘l‘ypirnl deprcmion, with  hrrt iotr  through fronts. 

In  the lower part of figure 79 there is shown a cross sec.tion tbrou h 
the de ression along the line AA, each part of the sectlon lying fi- 

portion of the figure. 
Along the warm front, the warm air being lighter, ascends and is 

forced forward over the gradually sioping surface of the colder 
underlying air. Just as the warm moist steam coming in contact 
wit,h the colder air resulted in condensation and recipltatlon, so in 

results in the cloud sequence shown. The approach of the warm 
front, then, is marked by increasing and lowering clouds, and finally 
b rain, which becomes heavier as the front approaches and the 

rectly g eneath the corresponding part of the depression in the upper 

this case the ascent of the warm air over the co P der air beneath it 

c P ouds get lower. Rain is reprwented in the lower part of the figure 
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by vertical shadiiig. The passin of the warm front is followed by 
a rise in temperature, as the colf air is replaced by the warmer air  
behind the front. Relatively clear sky and sunshine are to be ex- 
pected, although cumulus clouds and scattered showers are not in- 
frequent, because of ascending currents in the warm, moist air. 

As the cold front approaches (see left part of cross section, fig. 79) 
the warm air is again lifted as the colder air pushes in under it. Alto- 
cumulus or cuniuloiiinibus clouds form, and are usually accompanied 
by brief but heavy rainfall of a squally. showery t pe. A narrow 

front, but in many cases these are entirely absent. 
As the cold front passes and the colder air behind it. conies in con- 

tact with the surface of the area so recently occupied by the warm 
air, the air near the surface is heated, and strong vertical currents 
are set up. The warm air meetin the cold air at higher levels results 

resulting weather characteristics of such areas are clear periods 
alternatmg with occasional showers. 

With the passage of a front there is usually a pronounced change 
in wind direction. This is illustrated in figure 79, from which it 

band of nimbostratus clouds and showers is picture J along the cold 

in the formation of clouds--usua Q ly cumulus or cumulonimbus. The 

Fic,uss HO.--Occlu*ion (c801d-front riPe). F I I ~ L U ~ E  S1 - OwIu.~aii (\\nrm frout type). 

may also be seen that this change is niore pxmounced along the 
cold front, where wind diiwtion may change 90” in as little as a 
minute. For this reason the cold front hnh sometiines been referred 
to as the “wind shift line.” 

The shaded area in  the upper part of figure 79 represents the area 
of the de ression in which precipitation (rain, snow, etc.) is taking 
place. TEe area of recipitatioii preceding the \~tirni  front is iibiiaI1y 

is uite narrow. 
8rdinarily the cold front advaiices more ra idly than the war111 

front, and overtakes it. When the cold air i!om the back of the 
depression overtakes the cold air  before it, the warm air is lifted 
entirely from the ground, and is said to be occluded. I f  the over- 
taking air is colder than the cold air in front of the depression, be- 
cause of a different path of travel or other reason, the situation is as 
shown jn figure 80, and is known as a cold-front t pe of occlusion; if 
the reverse is true, a warm-front t pe results ( . 81). The cold- 

the warm-front ty e by low cloud and continuous rain or drizzle. 
I t  has ahead Eeeii suggested that the apex of the northward 

tive y high original temperature of the warm air muss tit this oint 
is further increased by the “latent heat of condensation,” especia ly in 

quite broad, while t f e precipitation following the cold front as a rule 

front type is characterized by squa 3 ly rain and fn 4 ling temperature, 

bul e of the PO Iy ar front is the center of the depression. The rela- 

f 7 
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the upper layers. This is the reverse process of the esca ing steam 

to vapor form, as steam; when water vapor is condensed to liquid 
form, the heat it originally received is given up, and is known as 
the heat of condensation. Since the air a t  this point is warmer, and 
therefore lighter, than elsewhere (for this aiid other reasons), the 
barometric pressure (weight of the air ocean) is lower here. As 
we progress away from the center of the low pressure area to points 
where the air is colder aiid heavier, the barometric pressure increases 
untd, where the air is coldest, a high pressure area (or HIGH) is 
located. Figure 82 shows the depression of figure 79, with the addi- 
tion of a system of typical isobars. 

A general rule may be given here, known as Buys Ballot’s law, 
which may prove useful ut times: in the northern hemisphere, if 
you face the wind the area of lower >ressure will be to your right, 
the hi her pressure to your left. TLis mHy be readily visualized 

Generally speaking, the western part of a LOW and the eastern part 
of a HIGH may be considered as simi1:ir air masses; conversely, the 
eastern part of a LOW and the western part of a HIGH may be so con- 
sidered. I n  the first case (west of the LOW, east of the HIGH) surface 
temperatures are low or falling, tind the pressure rising; in the sec- 
ond case, temperatures are high or rising, and the presssnre is falling. 

illustration: heat was applied to the water to change it P rom liquid 

from f? gure 79. 

FrcirrRs  82.-Typicnl (iCprvs8ion. fitlowing isobars. 

ISOBARS 

More than anything else, the systeni of isobars on a weat,her map 
resembles the system of contours on a topographic map. As a matter 
of fact, they are very similar, as may be seen from the following 
comparisons. 

A contour is a line at, every point of which the elevation above sea 
level is the same; a t  every point on an isobar the barometric pressure 
is the same. 
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If  we think of the isobars :LS contours depicting the atmospheric 
topography, the area represented by a HIGH represents a hill of air; 

I t  has also been well 
brought out in an article on T h e  Technique of Drawing Isobars 
on Weather Maps,” which appeared on the back of the Pilot Chart 
of the Upper Air-North htltuitic,l for December 1938. Figures 83 
and 84 are reprinted from that article. 

the area represented b 
This conception is 
(for the hill of air) 

represents a depression, or valley. 
ested by the use of the words HIGH 

the valley). 

A- A 

AIOUHIIS 83 ANn 84 High pirsrure a r m  (or “hill“ oe n i l )  and low prewurv men (or 
“valley“ of t u p )  nre represented ( a )  i n  horizontnl plane by ivobnrs nnd ( b )  in vertical 
plnne’b) CPOHS wetion 

On a topographic niap, contours close together indicate a steep 
slope; on a weather map, isobars close together represent a steep hill 
of air, or “gradient.” In contrast with the topographic feature, an 
air hill is fluid, and therefore tends to flow down into .the valleys- 
the closer the isobars, the faster the rate of flow (wind velocity). 
We find, then, surface winds alwiiys blowing out from a HIGH, and 
in toward a LOW. If the earth were stationary, this flow might fol- 
low a direct line between the two centers: however, because of fric- 
tion, the rotation of the earth, and related factors, wind in the 
northern hemisphere is always deflected toward the right and 
approaches the trend of the isobars, blowing more or less d o n  
them. This may be seen by comparing the directions of the win 
as shown in figure 79 with the isobars of figure 82. Wind there- 
fore blows spirally outward from a HIGH in u generally clockwise 
direction, and spirally inward toward B LOW, in a counterclockwise 
direction (fig. 8 6 ) .  While individual exceptions may be noted in 

i 
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figure 74, for the most part the arrows indicating wind direction 
follow this rule. 

This regular circulation of the winds about a pressure center is 
more pronounced near the surface; it becomes less definite as the 
altitude increases, due to the effect of the prevailing winds at higher 
levels. The HIGHS and saws themselves move across the United 
States from west to east, at  a rate usually in excess of 500 miles a 
day (from about 20 to 30 miles an hour). Lows usually move in an 
easterly or north of east direction, and HIGHS in an easterly or south 
of east direction. Summer LOWS and HIGHS are of less energy and 
of slower movement than those of the winter season. 

Technically, a low pressure area with its system of winds is known 
as a cyclone, a high pressure area as an anticyclone. “Cyclone” as 
used here should not be con- 
fused with the destructive 
storm so often given that 
name, but properly known as 
a tornado. 

As already stated, the alti- 
meter is simply a form of 

member that in flying from a 
high pressure area into a low pressure area the instrument indicates 
an altitude higher than the true altitude ; the same is true, of course, 
if the pressure falls during flight, before the plane returns to the oint 

metric scale, by which they may be adjusted to the pressure in the 
vicinity of flight, so that they indicate actual helghts, and not 
dangerously misleading altitudes. 

For example, in figure 74 the barometric pressure at Pembina, 
North Dakota, is 1021.0 millibars, and at  Havre, Montana, it is 
1010.2 millibars. These pressures correspond to altimeter settings of 
about 80.15 and 29.83 inches, respectively. Under these conditions, 
if a pilot left Pembina with his altimeter adjusted to the pressure 
there, upon landing at  Havre his altimeter would indicate that he 
was still more than 300 feet in the air. 

Pressure differences of this magnitude are quite common, and dif- 
ferences of ,twice this amount are not ,unusual. The difference of 
altitude in feet eorrespondmg to the difference in barometric pres- 
sure should be considered approximate only, since this varies some- 
what with the temperature. As a general rule, however, it may be 
said that each tenth of an inch of difference in pressure corresponds 
to an apparent difference in altitude of 100 feet. The important 
thing is that the altimeter should always be adjusted for the baro- 
metric pressure prevailing at the time in the region of flight. The 
necessary information for makin this adjustment is given in the 

_+-- 

barometer. It IS well to re- FIGURE 86.-Wlnd system of R LOW. 

of departure. For this reason altimeters are provided with a E aro- 

hourly weat.her broadcasts (see p f ate 111). 

TEMPERATURE AND DEW POINT 

If a glass of cold water is placed in a warn1 room, tiny drops of 
moisture form on the outside of the glass. This is another everyday 
illustration of the meeting of dissimilar air masses: the warm air 
coming in contact with the chilled glass is cooled to the point where 
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it can no longer retain all its moisture, and condensation takes place. 
The temperature a t  which condensation begins is known as the dew 
point. 

The name "dew point" was probably used in this connection because 
i t  is in this manner that dew is formed. After sunset on a clear 
night the earth rapidly radiates the heat which it has stored up dur- 
ing the day; finally the surface of the earth becomes cold enough 
that air coming in contact with it is chilled to the point where 
condensation must take place, and the drops of dew are formed. A 
layer of clouds serves to retain the heat near the surface, and so 
prevents the condensation of dew. 

Temperature and dew point are among the most important items 
of information appearing on the weather map. On the manuscript 
maps prepared at the airports, barometric pressure is recorded im- 
mediately to the right of the circle representing a city, and the teni- 
peratixre and dew point are recorded just above the ressure. The 
dew point is also given in weat,her reports (see plate I&)? and should 
be especially noted in reports received by radio while in flight. When 
the dew point comes within about a degree of the air temperature, 
fog may usually be expected within an hour. There are many in- 
stances when the expected fog fails t o  materialize, but safety demands 
that pilots should recognize the danger and plan accordingly. 

TEMPERATURE AND STABILITY 

Air is said to be in stable equilibrium if it tends to remain at. its 
original level or to return to that level after vertical displacement. 
I f  it tends to assist vertical displacement. and to move further awa 
from its original level, it is said to be in unstable equilibrium. d 
it neither assists nor resists vertical displacement, but tends to remain 
at  ang level to which it may be nloved, it is said to be in neutral 
equili rium. 

The chief factor determinin stability is the vertical distribution of 

any given time, the average decrease of temperature with altitude is 
about 1" F. for each 300 feet. The decrease of teniperature with 
altitude is known as the lapse rate. 

When a body of air is caused to rise-because it has become warmer 
(and hence lighter) than the surrounding a i r ;  because of being lifted 
over a mountain range or underrunning mass of air, or for other rea- 
sons-it meets continuously decreasing atmospheric pressure, and 
therefore continues to expand. As it expands it becomes cooler, and 
is said to cool a t  the adiabatic rate if its cooling is due to expansion 
alone, and it neither gains nor loses heat from its surroundings. 
The adiabatic rate of cooling for dry air (which in this case meaiis 
anything drier than saturat,ed air) is about 1.6" F. for each 300 feet 
of increase in elevation (1" C. for each 100 meters). When saturated 
air rises, some Condensation of moisture must take place, and the 
heat of condensation is added to the air. Due to this addition of 
heat, the temperature falls off less rapidly; that is, the lapse rate 
f a r  saturated air is less than for dry air. 

An ascending mass of air  which cools at the adiabatic rate (1.6" 
for 300 feet) because of expansion, is cooling more rapidly than the 

temperature. Although wide F y different conditions may be noted at 
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normal decrease of temperature with altitude (1”  for 300 feet) ; under 
these conditions the ascending air soon reaches a level where it is 
as  cool as the surrouiiding air and ceases to rise. I f  the ascending 
air continues to rise until it is cooled to the dew point (because of 
expansion) and cloud formation begins, it continues to rise because 
the less rapid cooling rate for saturated air causes it to remain 
warmer than its surroundin s. 

Under certain conditions ?as on clear nights, when there is little or 
no wind) the air becomes appreciably colder at the surface than af 
higher altitudes. Such an increase of temperature with altitude is 
known as a temperature inversion, since the normal condition is In- 
verted, or upside down. If a considerable amount of moisture is 
present, the chilling of the air near the surface may result in con- 
densation and the formation of fog. 

The normal temperature decrease with height continues ta a level 
known as the tropopause. Below that level lies the tro osphere, with 
its turbulence and infinite variety of weather ; above it Hes the strato- 
5 here, in which temperature variations are very small, and ideal 
&ng weather prevails. The height of the tropopause varies with the 
season and latitude, being higher over the equator than over the 
polesl and higher in summer than in winter. On the average, it may 
be said to vary from about 25,000 feet above the earth at the north 
pole to about 50,000 feet at the equator. 

CLOUDS 

The general process of cloud formation has already been illus- 
trated by the escaping steam, the glass of cold water, and t,he meet- 
ing of dissimilar air masses. A study of the various cloud forms is 
of very practical value. From the weather map we may learn the 
temperature, dew point, wind direction and uelocity, and other re- 
lated data, at  or near the ground level ; from a study of the clouds we 
may visualize the unseen air currents, and may know something of 
flying conditions-wind direction and velocity, temperature, and 
humidity-at the cloud levels. Within limits, we may even predict 
the weather from them. 

As an aid to cloud study and identification of cloud types, a chart 
of cloud forms, published by the United States Weather Bureau has 
been included in the back of this book. Additional copies of the 
cloud chart may be obtained from the Superintendent of Documents, 
Washington, D. C., for 5 cents. 

Those desiring more complete information may obtain from the 
same source a 25-page bulletin entitled “Cloud Forms According to 
the International System of Classification” (W. B. No. 956) ; or Cir- 
cular S, a 100-page booklet of cloud picturcq and descriptions enti- 
tled “Codes for Cloud Forms and States of the Sky” (W. B. No. 
1249), for 10 and 15 cents; respectively. 

The sequence of cloud types is illustrated in figure 79. The cirrus 
clouds are the highest of all, at  times reaching altitudes of 40,000 
feet. At their altitude it is so cold that the condensed water droplets 
are frozen, and these clouds always consist of minute ice crystals. 

The flat,, darker bases of the cumulus clouds indicate the altitude 
at  which the dew point is reached as the vertical current of air 
ascends. I f  the mass of rising air is of considerable proportions, 
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these clouds may develop into the familiar “thiuider head,” or cuinu- 
loniinbus, and tlie condensation soon becomes sufficient to cause pre- 
cipitation. It has been said that “cumulus clouds are the visible tops 
of ascending columns of air.” 

At times the towering heads of thunderstorms reach the regions of 
high winds, where the cloud tops are whipped off and driven on well 
in advance of the storm. These cloud tops, driven by the wind, 
resemble cirrus clouds, and are often referred to as “false cirrus.” 

Stratus clouds are defined as “a uniform layer of cloud resembling 
a fog but not resting on the ground.” When such a layer occurs a t  
greater altitudes, it takes 011 something of the form of the clouds 
ordinarily found at those levels, and a combined name is given to the 
layer. as cirrostratus. Clouds of the stratus type (“layer clouds”) 
often inwk the teiiipernture inyersion which exists when a warm air 
mass overrims colder air. 

FOG 

Fogs are stratus clouds that have formed a t  or near the surface 
of the ground. Various classifications of fog are given by different 
writers; the following are aniong the types listed by Byers: 

a. Radiation fogs. 
6 .  Advection fogs. 
e. Upslope fogs. 
d. Frontal fogs. 
Mention has already been made of tlie rapid radiation of heat 

from the surface of the earth on a clear night, and the resultant cool- 
ing of the lower layers of air in contact with the earth when calm 
conditions prevail. I f  surface temperatures fall to the dew point, 
condensation takes place and a radiation fop is formed. Being 
colder and heavier than the overlying air, it first fills up the valleys 
and low places, and is often called ground fog. I f  there is little or 
no wind, the fog will be shallow; light winds cause the air to he 
chilled to n greater height, through mixing, and the fog will there- 
fore be deeper. Winds in excess of 5 or 6 miles per hour usually 
cause .such thorough mixing of the warm and cold air that the tern- 
perature inversion is destroyed and fog does not form. When the 
sun rises, the earth’s surface and the air in contact with it are 
warmed and fog of this type is dissipated (or “burns off”) within a11 
hour or two. 

caused by the pasaage of warm moist 
air over a colder surface. T t e  siinplest case of this type results frorri 
comparatively warm sea air drifting in over colder land surfaces iii 
winter; such fog is usually quite shallow and, like radiation fog, burns 
off quickly under the influence of the sun. 

A truer type of advection fog forms in suiiiiiier, when ail- from the 
heated land surfaces is caused to flow out over the cooler surface of 
the ocean. By inidafternoon, due to the increased heat over the 
land surfaces, a light sea breeze springs up and the deiise fog which 
has formed over the sea is carried inland. Later at  night, when the 
land breeze again prevails, the fog moves back over the sea. I n  some 
cases, when winds are light, fog formed iii this way may persist for 

Advection fogs are usual1 

1 Byer8, Horace Robert : Syuogtic and Aeronautical Meteorology. 
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a day or more. In  the same manner, althou h 011 a smaller scale, 

Advection fogs also form at sea, when comparatively warm air 
moves over a colder ocean current or the colder inshore waters empty- 
ing from large rivers. I f  tem erature differences are slight, condi- 

only a shallow fog is formed, which soon burns off under the actioii 
of the sun. When temperature differences are greater, fog may form 
even in the face of high winds; under these conditions the fog 
may even lift somewhat above the surface, becoming, in effect, a low 
lying stratus cloud. 

A less frequent type of advection fog is caused by the passage of 
cold air over a warmer surface. 

Upslope fogs form chiefly 011 the great plains of the west,. which 
rise gradually from about 1,000 feet elevation at the Missouri River 
to 5,000 feet at the eastern foot of the Rockies. An easterly wind in 
this area results in mechanical lifting, during which adiabatic cooling 
of the air results in a heat. loss of about 5.5” F. for each 1,000 feet. 
Air moving westward from the eastern boundary of Nebraska and 
cooling adiabatically should therefore be about 22’ colder when it 
reaches the western boundary of the State. The greater the wind 
velocity, the more rapid is the cooling. Dense fogs often form in 
these regions, even with fairly strong winds. They are, of course, 
often increased by conditions which would of themselves result in 
radiation fog. 

Frontal fogs may form a t  any stage of the passing of a front. 
As rain falls into the cold air just ahead of B warm front, the moisture 
content is increased and the dew point is raised so that fog sometimes 
forms almost instantaneously. Surface cooling resulting from a 
heavy shower contributes to the formation of such fog. I t  may also 
form temporarily because of the mixing of warm air with the coIder 
air behind a cold front as the front passes. 

There are many other classifications of fog, modified more or less 
by local conditions in each case. The fore oing is not intended as a 
complete treatment of the subject, but hasteen resented as typical. 

effort should be made to avoid being caught in the air by fog. It has 
been said that “anyone can be taught to fly blind in a month, and 
then it takes the rest of a lifetime to teach him when not to fly.” 

advection fogs form over and around inland la f es and rivers. 

tions are not greatly different P rom those resulting in radiation fog; 

Until complete safety of instrument landing has \ een achieved, every 

THUNDERSTORMS 

The common thunderstorms of summer are the result of tempera- 
ture differences and ascending air currents caused by uneven heating 
within a given body of air. A concrete or macadam road becomes 
appreciably hotter than a grassy meadow; a ploughed field absorbs 
more heat t,han the shady woods, and the sandy beach becomes much 
hotter than the sea. Air in contact with these warmer surfaces is 
heated b conduction ; as it becomes hotter it also becomes lighter and 

As the dew point is reached and condensation takes place, the heat 
of condensation is added to the air within the cloud, raising its ten+ 
perature still higher and causing still stronger vertical currents. 
From the rising currents of air thus set up, the cumulonimbus clouds 

is force B to rise by the cooler and heavier air around and above it. 
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are formed as described in the preceding section. and a thunderstorm 
is soon in progress. 

The vertical currents and temperatures present in a thunderstorm 
are often such as t,o cause the formation of hail. Hailstones may 
be said to be nothing more nor less than frozen rain drops, often 
with man successive layers of water frozen around the original drop 

the can tell whether or not a cloud contains hail by its peculiar color 
a n B  “boiling” characteristics. Probably experience has proved that 
such clouds do carry hail, but the fact is that any fully developed 
thunderstorm is more than likely to carry a dangerous load of hail, 
and should be avoided. 

Many rules have been given for flying in a thunderstorm; the 
only safe *rule is to avoid one. Aside from the hazards of hail and 
lightning, the vertical currents are frequently so strong that, an air- 
craft cannot be controlled in them; also. they often extend to such 
heights that it. is doubtful if a plane can climb above them. Even 
if the plane is able to fly above the storm, the time lost in climbing 
would enable the pilot to fly many miles in level flight around the 
storm-which is a much safer procedure. 

I t  should be remembered that whenever a column of air ascends, 
an equal amount of air must descend. Just  preceding a cumulo- 
nimbus cloud (thunder head) a strong upward current of air is 
found; just behind this current is a compensating down draft, which 
is more dancrerons, since, if flying low, a plane may be carried all 
the way to t%e ground. 

As a rule a thunderstorm of the thermal type just described is 
comparativeiy local in character, and it is quite ractical to fly around 

ever, associated with the passage of a cold front arid known as a 
line squall, which may prove more serious. Not only are the vertical 
currents often stronger, but, the storm may extend along a front for 
several hundred miles, making i t  impractical to fly around it. 

I f ,  along a cold front, the cold air ? i d e m  the warmer air 
which it replaces, the warm, moist air is forced up to levels where 
condensation and all the other characteristics of the ordinary thun- 
derstorm occur; the only difference in this case is that the thunder- 
storm is produced by mechanical liftin of the warm air. When 

as the ligh.ter air breaks through the colder and heavier air 
a ui ove it, I n  either case a series of thunderstorms is developed al- 
most simultaneously along a line several hundred miles in length. 

The violent motions associated with the line squall usually extend 
only to an altitude of about 6,000 feet, and it is sometimes possible 
to fly above them; however, the vertical currents common to all 
thunderstorm clouds ma extend up to 15,000 or 20,000 feet, and 
may exceed velocities 0% 100 m. p. h. There are also many line 
squalls of more moderrate intensity, but it may be seen that attempts 
to fly through or over such a disturbance are hazardous. 

At best, ascending and descending air currents and usts result 
in turbulence and bumpy air. Ordinarily, this is not o 4 great im- 
portance, aside from the personal discomfort involved, yet occasionally 
serious injury to passengers has resulted from this cause, even on 

as it has g een carried up and down within the cloud. Some believe 

it with little delay. There is mother type o P thunderstorm, how- 

the cold air ovem‘uns the warmer air, vi0 f ent verticd currents are set 
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heavy transport planes. When rough air is encountered it is often 
possible to find relatively smooth air at  another level-sometimes 
at  lower altitudes, if the terrain permits, and sometimes b flying 
as high as possible, where the vertical currents have alrea B y spent 
much of their energy and a comparative state of balance has again 
been established. 

VERTICAL CURRENTS AND SOARING 

Knowledge of ascending and descending curreittij as revealed by 
cloud forms is important to piIots of owered craft, but it becomes 
of first importance to glider pilots. douds  of the cumulus type do 
not float-rather, the minute drops of water are fallin in a current 
of rising air; any drops of water that do fall below t fl e cloud base 
aTe quickly absorbed or evaporated by the drier air beneath the 
cloud. Similarly, a turkey buzzard has no secret formula for es- 
caping the law of gravit and soaring to higher levels without flap- 

ing a wing; he is f a l h  all the time with respect to the air, 

than he falls. 
As already sug ested, rising currents of air may be found be- 

ward slope of a ridge or mountain; over a sandy beach, desert, 
ploughed ground, or paved highway; over a smokestack or factory; 
updrafts may also result from other causes OT combinations of 
causes. Descending currents.may be found over the leeward edge 
of a ridge or other obstruction; over a lmge lake or river; over 
wooded meas, etc. 

These few instances are on1 suggestive of the possibilities in this 

gut has learned to do his B alling in air currents that ascend faster 

neath a cumulus c P oud, particularly just ahead of it; up the wind- 

field, and a more detailed stn L9 y of the subject will be well repaid. 

the formation of ice, condensation near freezing temperatures sti a 
to the increase in weight, but also to the 7 oss of efficiency resulting 

ICE 

In  spite of the progress that has been nwde toward overcomin 

remains one of the greatest hazards of fli ht. This is due not only 

from the deformation of the wings by the encrusted ice. The Safety 
and Planning Division of the Civil Aeronautics Authority has 
warned that an apparently inconsequential amount of ice or snow 
adhering to the upper surface of a wing may render the airplane 
hazardous. Pilots are urged to make sure that all traces of snow, 
ice, or frost are removed from the wings of an air lane before at- 

make the airplane unmana eable. 

of the air is 34" or less, and moisture is present in the air in visible 
form (rain, fog, snow, etc.). Frost sometimes forms in clear air 
when a cold airplane enters a warm, moist air mass, but it usually 
disa pears as the temperature of the airplane reaches the tem erature 

tity at  temperatures below Oo F., because of t e small amount of 
water vapor present in air at such low temperatures. 

below the 
freezing point and yet remain liquid; under t R d :  ese con itions. how- 

tempting to take off. Ice may also form around t lis e controls and 

I n  general, ice does not B o m  on an aircraft unless the temperature 

li of t R 0 surrounding air. Ica seldom forms in an considerab e quan- b 
I n  the laboratory, water may be cooled a preciabl 
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ever, the least disturbance changeh it at once to ice. Siniilarly, the :it- 
niosphere often contains drops of water which have been cooled below 
freezing and which change ininiediately to ice (in part, a t  least) 
upon coining into collision with the cold airplane. 

The size of the water droplets seems to be an iinportaiit factor 
in the forination of ice. Small drops are carried arouid the plane 
by air currents, and are kept from stxiking it by a cushion of corn- 
pressed air which is built up in front of the plane by its rapid move- 
ment; larger drops, because of their greater weight and inertia, 
break through this cushion of air and flow over the surface, a con- 
siderable portion of tlieni freezing quickly. Within limits, the 
stron er the vertical currents, the larger are the drops of water tliat 
may %e supported ; therefore it inuy be said that masiniuni icing 
conditions are found in reaions of strong vertical currents, such as 
are present in heavy cuinu~us or cumulonirnbus clouds. Such areas 
should be avoided if at all possible. Stratiform clouds are subject 
only to slight vertical currents, and carry sinal1 water drops; exce t 

case of the stratus cloud, while the water dro lets are sinal1 they 

With respect to temperature, maximum icing occurs between 26" 
and 3 4 O  F. 
point, but when drops of water at  this teniperature strike the speecf 
irig airplane, they are further chilled by the evaporation which 
results froin its ra id motion. 

warm front, they may sometimes be avoided by clinibing into the 
warnier overrunning air. This may be better visualized by referrin 
to the section in the lower purt of figure 79; a pilot meeting wit  
icing conditions in the cold air at the right of the figure iniglit climb 
throiigh the altostratus clouds into the warmer air above. The air- 
plane, of course, has already acquired the f reeziiig teniperature of the 
cold air mass, and may take on considerable ice in climbing through 
the warn1 moist cloud. The maxiniiini rate of climb should be main- 
tailled in order to accumulate the niininiiini aniouiit of ice. Also, if 
the cold air mass extends to any great height, even the warmer 
overrunnin air may have been cooled by expansion until it is 

met. This is particularly likely if the direction of flight is such as 
to take one up the slopin surface between the two air niasses, when 

warn1 air map. However, if temperatures in the warin air inass are 
sufficiently high, the pilot may not only escape further icing, but 
niay even melt off or evaporate ice that has already formed. 

It might be well to reinilrk here t>hat the vertical scale of the section 
of figure 79 is greatly exargerated, for the sake of illustr :L t *  ion. The 

in 100 miles, and if shown true to scale would almost coincide with 
the line representin the surface of the ground. 

example, suppose that a pilot 1s flying froin the warm area of figure 
79 into the cold area to the west of the cold front. As lw approaches 
the cold front (see section, bottoni of fig.  79) ceiling and visibility :ire 

for the stratus itself, ice formed in thein is less hazardous. In t i e  Y 
are so numerous that a heavy load of ice is quic E ly accurnulated. 

The latter temperature is slightly above the freezin 

When icing con x. itions are encountered in the cold air ahead of a 

a 

below the p: reezing point, and severe icing conditions may again be 

it i s  necessary to climb P iigher and higher in order to stay in the 

sloplng surface between t k e two air masses rises only about. 1 mile, 

Under some con c f  itions, icing may be avoided by flying low. For 
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still such that he can fly beneath the altociimiilus and also beneath 
the nimbostratus. Although this is the “warm sector,” temperature 
is just about freezing and in the precipitation beneath the nimbostra- 
tus light ice is formed. Deicing equipment is able to take care of this 
amount of ice, however, and it. is known that behind the cold front 
clear skies prevail. Flight is therefore continued beneath the clouds, 
and the little ice adhering to the airplane is slowly evaporated after 

the front, even though the temperature there is below freezing. 
Any e ort to climb through the nimbostratus would probably have 
resulted in the formation of a d a n g e ~ * o ~ ~ s  :\mount of ice. 

CONCLUSION 

While a knowledge of the geiiei*al principles of meteorology leads 
to a better understanding of the weather map and may prove useful 
in an emergency, it shoiild always be remembered that the most 
approved theories have their exceptions and may be wrong in any 
given instance. Also. weather often cbhanges very quickly-some- 
times in ways entirely itnexpec*ted even on the part of the most ex- 
perienced meteorologists. To keep informed of these constantly 
chan ing conditions pilots should be careful to listen in on all weather 
broafcasts dnring flight and should not depend for too long a period 
on reports and forecasts received before taking off. 

Concliisions based only on genera1 principles may be very mislead- 
ing. For example, knowing the general wind system accompanying 
a LOW see fig. 85). it is sometimes suggested that when flying in a 
norther I y direction it is preferable to fly to the east or southeast of a 
LOW because of favoring winds. This is theoreticdly correct, yet the 
LOW itself is moving in an easterly direction and the worst weather 
is found along the easterly or soiitheasterly edge, while better or 
clearing weather may be expected west of the LOW; to fly to the east 
of the LOW, then. woitld mean flying throii h bad weather, or flying 

headwinds in the safer weather west of the LOW. For an east-west 
fli ht, better weather might be expected north of the LOW. 

%ith the necessary knowledge and experience, very helpful results 
can be obtained from local observat ions of pressure. temperature, 
winds, and clouds j however, except in emergencies, conclusions based 
on observations at  a single point 5hould not be relied upon. Far  more 
definite and reliable forecasts can be made from reports from a well- 
organized network of stations, since more complete information is 
available regarding the size. rate, and direction of movement of dis- 
turbances, or of air masses and the fronts that attend them. It is 
for this reason that the regrilar weather maps are prepared and expert 
advice is made available. Whenever possible, therefore, consult the 
airport meteorologist. 

so f a r  east to avoid it that better time woii 7 d be made by facing the 



Chapter VIL-PRACTICAL EXAMPLES 

If, for any of the methods of air navigation described herein, the 
procedure seems complicated or in an way involved, it is only be- 

just a little practice. Even working out a few typical problems 
will help to correlate the various steps and to demonstrate the nat- 
ural procedure from one step to another. a t  the same time, more 
efficient operation and the personal satisf!uctioii and safety of the 
pilot make it well worth while. With this in mind, the following 
practical examples are offered : 

Example 1.-Starting :It 10 a. in., a flight is to be made from Scott 
Field (near Wheeling, W. Va.) to Huntington Airport (Huntington 
sectional chart). 

Known data: Cruising speed of plane, 90 ni. p. h.: wind 15 
m. . h., from 45". 

Lquired : The distance, compass heading, and time of arrival. 
A straight line is drawn on the chart between the two airports, 

and is found to be a practical route, with two intermediate airports 
and an abundance of lnndmnrks for checking the route of the plane 
in flight. 

By means of the border scale of miles the distance is found to be 
351 miles. 

When the route crosses not more than 3. or 4 degrees of longi- 
tude, the course may be measured for the route as a whole, but 
must be measured with the meridian nearest halfway between the 
two points, as illustrated in figure 20. By inspection it is seen that 
the meridian of 81"30' is nearest halfway. 

cause of the difficult of finding wor d s as simple as the operations 
required. Most of t E e mystery can be removed from the subject by 

219" t rue course, iiiruuarcd with iiirriditiii of H1".30'. 
+3" westerly mngnctic wri:itioii (average). 
222" magnetic course. 
+2" westerly deviation oil thiH hendine (from deriatioii card) .  
5% compass coiirw. 

The wind from 45'. in this case, is alniost directly behind the plane; 
hence there will be 110 correction to the course for wind, and the com- 
pass course (the true course lus or minus variation and deviation) is 

rection for wind effect). 
With a tail wind of 15 in. p. 11.. the ground speed of the plane be- 

comes 105 m. p. h. The total distance of 151 miles will be covered in 
151 X 60 minutes, or a little more than 1 hour 26 minutes, making 
105 
the time of arrival 11:26 a. m. 

This is checked in flight by noting that the town of Woodsfield, 
34 miles southwest of Scott Field, is passed in about 19.5 minutes of 
flying. The spacing dividers are set, with the tooth marked 0 on 
Scott Field, and the tooth marked 10 just a little south of the town 
of Woodsfield; each tooth now represents 2 minutes of flying time, 
and the space between teeth numbered 0 and 10 represents 20 minutes. 

also the compass heading ( t  K e compass course plus or minus the cor- 

147 
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Meridian nearost halfway 
True course 

Variation 
Magnetic course 

Deviatwn 
Cam asscourse 

Length 

Time from Pittsburgh 

\Rind 1 
Compassheading - - -  
Distance from Pittsburgh 

Four 20-minute sections are stepped off along the route, and the 
short section remaining is found to represent 7 minutes, which checks 
rather closely the data obtained before taking off. 

By means of the spacing dividers the exact time when the plane 
should pass Marietta, Parkersburg, Gallipolis, the bends of t,he Ohio 
River, or other characteristic landmarks may be noted. 

The section below Marietta where the route follows the general 
trend of the Ohio River affords a splendid opportunity for checking 
the compass heading in flight. 

Attention should be given to the number of landmarks along this 
route. Starting froni Scott Field, in about 9 minutes the plane 
should pass the town of Jacobsburg, which is near the top of a rid e, 
and at the end of a railroad. Note also the race tracks at Woo % s- 
field? Marietta, Parkersburg, and Gallipolis; the two bridges at 
Marietta, with dam and lock between; the dams and locks alon 
the Ohio River; and the location of the Huntington Airport witf 
res ect to the dam and bridge. 

Jfxample 2.-A flight is to be iiiade from Pittsburgh-Allegheny 
County Airport to Chanute Field, Rantoul, Ill. 

For this flight either the Cleveland and Chicago sectional charts, 
or regional chart 9M may be used. In  this case the ship is fairly 
fast, dead reckoning (rather than piloting) will be em loyed, and 
the drainage pattern and larger cities will furnish su P cient check 
of osition ; therefore chart 9M is chosen. 

Enown data: Criiising speed of plane 165 m. p. h.; wind 20 
m. p. h., from 165". 

Required : The distance, compass headings, and the total flying 
time. 

A straight line between the two airports is drawn on the chart 
and, by means of the border scale of miles, the distance is found 
to be 434 miles. 

When the route crosses more than 3" or 4' of longitude the straight 
line should be divided into sections crossing approximately 2 O  of 
longitude each, and the true course for each section should be meas- 
ured with the middle meridian of that section. 

After a careful study the route is divided into three sections: 

( e )  Portland-Chanute Field. 
The data for each section are tabulated as follows: 

a)  Pittsburgh-Mount Vernon, Ohio. 
6 )  Mount Vernon-Portland, Ind. 

. .  
j (n) I 

. - - _- - - 
81°1h' 
2110 
+ 4 O  
276' 
+I0 
276' 
- 7" 
2600 
136 milos 
136 milas - _  
48 minutes 

83045' 
2700 
+zO 
2720 

- 70 
2640 
132 milea 
268 miles. 
I hour, 36 mint%& 

.. - 
$$ 

86O30". 
2680 
- 1" 
267' 

- 70. 
2610 
166 milos 
434 miles 
2 hours, 34 minutes. 

g: 

1 With the kwwn data of true ~ ~ n l g e  and air speed of plane and direction and velocity of wind a triangle 
of velocities is constructed for each aection of the route. Figure R6 shows the solution for the ds t  section. 
In each case the correction to the course is determined as 7", and since thc wind is from the left the corrcction 
must be subtracted; the ground speed Ls 169 m. p. h. 
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Example 3.-A flight is pro osed from Pittsburgh-Allegheny 

Required : The distance and compass headings. 
The cruisin speed of the plane in this case is relatively low, and 

large measure of piloting, and the sectional charts will therefore be 
used. 

Since the Lambert projection affords a perfect junction betweeii 
any number of charts, if space is available the charts required may be 
carefully fitted together and a straight line &awn across all of them, 
from starting point to destination. 

However, when more than two or three charts are involved, it 1s 
often easier to plot the route first as a straight line, or series of 
straight lines, on a small-scale control chart, such as Coast and Geo- 
detic Survey chart No. 3060a or 3074 (see p. 28). oints at 

and connected on each of them with straight lines. $he portion of 

County Airport to North Platte l i rpor t ,  Nebr. 

the flight wil ? be chiefly for pleasure. Navigation will consist in 

The 
which the strai ht line crosses meridians and parallels on t R e small- 
scale chart are t f en measured and transferred to the lar e-scale charts, 

tlie route appearing oil each of tlie large-scale charts is treated as in 
the two preceding exmiples, in order to obtain the required distance 
and compass heudiiigs. 

Following this procedure, we find that the straight line between the 
two airports on chart 3074 crosses longitude 84' (the western limit 
of the Cleveland sectional chart), :tt latitude 40'48'. This point is 
plotted on the Cleveland chart, using the marrinal scale of minutes 
of latitude, . - _. and connected with Pittsburgh-A1 P eglieny Airport by a 
straight. line. 

The Dortion of the route on the Cleveland chart, crosses 4" of longi- 
tude, akd is therefore divided into two sections crossing 2" of lo@- 
tude each. The true course for each section is then obtained as in 
example 1 and magnetic variation, compass deviation, and correction 
for the edect of wind are applied in order to find the required com- 
pass 1ieiLdirig for each section. The total distance on the Cleveland 
chart is 215 miles. 

In the same way the portions of the route crossing the Chicago, 
Des Moines, arid Lincoln sectional charts are subdivided into s8c- 
tions of practical length, and the compass heading for each section 
determined. The disttinces frorrr the various charts are totaled, of 
course, to obtain the distance for the entire route. 
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Example 4.-After leaving Burgess Field, Uniontown, Pa., under 
conditions of poor visibility, a plane is flown for 40 minutes on a 
compass heading of 55" and at an air  speed of 120 m. p. h. Com- 
pass deviation on this heading is 3" east; average ma netic varia- 
tion in this vicinity as noted on the chart, 6" west ; winf  as reported 
at, Burgess Field, 30 m, p. h., from 315". (Cleveland sectional chart, 
or regional chart 9M.) 

Required: The track of the plane (the "course made good"), and 
the dead reckoning position of the plane a t  the end of the 40 
minutes. 

56" compass heading. 

58" magnetic heading. 

52" true heading. 

+3" easterly deviation ( t o  rectify, add eaPterly deviation). 

__ -6" westerly variation ( to  rectify. subtract westerly variation). 

- 

FIGURE 87.- -C:rilyhi~~ dett~mitlatioli of track and ground speed. 

Because of poor visibility i t  was impossible to obtain drift observa- 
tions, and therefore the true heading must be rectified for wind by 
means of a triangle of velocities, from the data obtained at Burgess 
Field. 

From 0 (fig. 87) lay off O A  on the true heading of 52" and equal 
to the air speed of 120 m. p. h.; from A lay off A W  to represent 
the direction (from 315" true) and velocity (30 m. p. h.) of the wind. 
Draw OW, which represents the track of the plane over the ground, 
and also the round speed. OW is measured and found to be 127 
m. p. h., and t fl e angle AOW (the drift. angle) is found to be 14". 

52" t rue heading (see above). 

88" true coiirse (track). 
+14" drift ( to  rectify, add for wind from lef t ) .  - 
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I n  40 minutes, a t  a ground speed of 127 in. p. h., the plane will 
have covered 85 miles. Here it, must, be remembered that we are 
plotting a course, not, a bearing, and that, the true course made good 
must be lotted with the meridian nearest, halfway. Rouqhly esti- 

that the meridian of 79" is about in the center of the route already 
flown. From any convenient intersection on tlhe seventy-nint-h me- 
ridian the true course of 66" is laid off (lieht,ly), and a line parallel 
theret,o is drawn from Burgess Field. This final line represents t.he 
t,rack of the plane, and a point along this line 85 miles from Burgess 
Field is the dead reckoning posit.ion of the plane. 

Example 5.-While flying the radio range course bet ween Colrini- 
bus and Cleveland, Ohio, in heavy fog, a ilot, became uncertain as 

radio range station and, by means of a direct,ion finder on his own 
plane, the true bearing of t,hat station from his position was deter- 
mined as 294". See chart, 9M. 

Required: The position of the lane. 
I n  this case we are working wit! a bearing, not, a course, and t,he 

angle must be plotted with the meridian nearest, which it was det.er- 
mined ; no correct,ion for dist,ortion is necessar when using the 

near Mount. Vernon ; consequently, t,he bearing was plothd with the 
meridian of 82"30', at its intersection wit,h latitude 40"30'. It. was 
found t,hat this plotted bearing passed slightly to tlhe north of the 
Goshen radio station, so a second line was drawn, through the Goshen 
station and parallel to the first) line. The intersection of the second 
line wit,h the northerly course of the Columbus radio range, about. 
6 miles nort,h of Mount, Vernon, marks the position of the plane at 
the moment the bea.ring was measured. 

If the Cleveland sectional chart were being used on this flight, it 
would be easier to plot, the bearing directly from the Goshen radio 
range station on the Chicago chart, transferring t,he bearin 
Cleveland chart a t  the point where it. crosses t,he meridian etweeri 
the two charts. The bearing to be plott.ed from t,he radio st,at,ion is 
obtained as follows (see p. 69) : 

mating t R e distance of 85 miles on a true course of 66", it is seen 

t,o his position along the coiirse. He was a i le to  trine, in the Goshen 

Lambert projection. The pilot. supposed hinisel 9 . to be somewhere 

%? t? 

294" hearing observed a t  plane. 

114" reciprocal bearing. 
-1 80" -~ - 

The difference of longitude between the plane and the radio range 
Multipl ing thls number by t,he convergence of 0% 

The correction is to be subtracted, 

station is 3". 

the nearest whole degree, 2". 
since t,he plane is east of the station. 

per degree of longitu B e (see p. 32), we obtain 3X0:6=1?8 or, to 

114" 
-2" to be subtracted. since plane is east of station. 
112" bearing to be plotted from Goshen radio range station. 
__ 

The bearing of 112" is plotted from Goshen and crosses the 84th 
meridian at  40"58!5 of latitude, the bearing at  that point. being 
measured as 113". This bearing is laid off from the same latitude on 
the 84th meridian of the Cleveland chart,, and its int,ersection with 
the norther1 course of the Columbus radio range determines the 
position of t E e plane in t,he same location as before. 



D B 

3060a 

FIGURE 88.--6 fix from radio bearings when the assumed position is considerably in error. 
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Example 6.-In the preceding example, if the Goshen radio stn- 

tion had been equipped with the necessary apparatus (as are the 
naval radio direction finder stations along our coasts), the pilot 
might have called Goshen and requested that his bearing from that 
station be determined. Wheii the bearing was reported back by 
radio, he could have plotted the bearing at once with the meridian 
nearest the radio station (not with the meridian nearest the loc a t’ ion 
of the plane), and its intersection with the Columbus radio range 
course would have determined his position as in  example 5. 

Example 7.-On a direct flight from Key West, Fla., to Browtis- 
ville, Tex., a pilot was approximately at position A ,  figure 88, but by 
dead reckoning believed himself to be in the vicinity of B. By radio 
compass he determined the bearin of WWL (New Orleiins) as 39”, 

“bearing No. I.” Not until 30 minutes later was he able to obtain 
the bearing of WOAT (Snn Antonio). Since he was flying due west 
at an estimnted ground speed of 125 in. h., his true position was 

WOAI, 322’ true, was therefore plotted at the meridim of D, result- 

which wns plotted on the chart wit ri; the meridian nearest B ,  uffording 

now at G’, although he believed himself to t e near D .  The bearing of 

Rlaulik N!) -1’lotting 11 m d h  bearing (JII a mdiri ~ l i rc~c t~on-~t~ i l lng  &art 

in in “bearing No. 2.” Carryirit bearing No. 1 due west 62.5 miles 
(tfe dead-reckonin distance til direction made good between the 
taking of the two $e:irings). fixes the upproxininte positdon of the 
plane at F. 

Since this fix is nearly 2’ of longitude away from the su >posed 

the meridian nearest the preliminary fix. Bearing ko.  2 is replotted, 
and No. 1 is replotted and carried forward as shown, giving the fix 
at  F2. From F2 an adjusted course to Brownsville can be deter- 
mined, and the estimated time of arrival is revised, not only to allow 
for the shorter distance tihead, but also €or the tail winds which had 
placed the plane so much farther ahead thaii was supposed. 

position at D,  it is decided to replot both bearings plotting t x ein at 

102915” 39-11 
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Example 8.-A pilot was flying in the ririnity of P (fig. 89 when. 
by means of radio direction finder. he obtained the bearing of the 
radio station RS. 

Known data: 
Compass heading, 347 '. 
Compass deviation, 2" W. 
Bearing of RR, 60" to the right of the plane's head. 

Required : The line of position 011 the radio directioii finding chart 
of the region. 

To rectify for deviation of the compass (case 11: p. 44), subtract 
westerly deviation : 347" - 2 O  = 345", the magnetic heading of the 
plane when the bearing was obtained. 

The observed bearing was 60" to the right of the plane's head, or 
45" magnetic. From the radio station draw a straight line through 

radiiation of the compass rose as read from the outer figures; 
this is t 1 e desired line of position, at some point on which the plane 
was located when the bearing was observed. 

Example 9.-In Notices to Airirien there is reported the erection 
of a high radio tower which is considered an obstruction to air navi- 
gation. The position of the tower is given as latitude 40°19', longi- 
tude 83'44'. 

Required: To plot the positioii of the tower 0 1 1  the Cleveland 
sectional chart (pl. I) . 

By means of the rnwrpiiial scale Showing minutes of latitude, on 
the adjacent meridians (83030f, and 84') lay off northward from lati- 
tude 40" a distance equal to 19 minntes of latitucle and drikw a straight 
line through the points so obtained. This line represents the latitude 
of the radio station. 

I n  the lower margin are scdes showing minutes of longitude for 
each parallel of latitude printed on the chart. Lay off along lati- 
tude 40"30', westward from longitude 83"30', a distance of 14 min- 
utes measured from the scale for latitude 40'30'; dong latitude 40" 
lay off 14 minutes meastired from the scale for latitude 40°, and draw 
a straight line between the points so obtained. This line represents 
the longitude of the radio station (83"30'+ 14'=83"44'), and its 
intersection with the line representing the latitude is the position of 
the lower. 

In practice it should not be iiecesstrry to nieasure the 14 minutes 
along both parallels. Instead, having drawn the line re resenting 

if the value of this measurement has been scaled at the correct pro- 
portionate position on the scales of minutes of longitude. 

On some sectional charts the meridians and parallels themselves 
are subdivided into minutes, and in this case positions can be plotted 
directly as outlined above. 

Example 10.-After an extended period of flying above fop, it i s  
desired to check the position of a plane by celestial observations. 
and the latitude and longitude of the dead-reckoning position are 
re uired. 

?In the regional charts (pl. 11) the meridians and parallels corre- 
sponding to whole degrees are subdivided into minutes of latitude 
; i ~ i d  longitude. It is therefore necessary only to draw a north-and- 
south line through the dead-reckoning position to  the nearest sib- 

. 

the latitude of the station, the 14 minutes may be laid o B along it, 
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divided parallel and read the longitude, while a straight line east 
and west permits reading the latitude from the nearest subdivided 
meridian. The slight curvature of the parallel within the limits of 
1" is entirely negligible for all practical urposes. 

believed his position to be about latitude 37"15', longitude 99"30', 
when he was able to obtain a series of altitudes of the sun. 

Having made the necessary comput:ations with the aid of the line of 
position table, the pilot has these data: 

Example 11.-A pilot flying "over t R e top" by dead reckoning, 

Azimuth (bearing) of the siiii _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  238" 
Observrd altitude, Ht8 ----_-__--_ - - - _ - _ _ _  _ _ _ _ - _ _ _ _ _ _ _ _  42"34' 
Computed altitude, H, . . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _  42"20' 

Altitude difference, a _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  14' 

The azimuth, or bearing, of the sun is laid off from the dead-reckon- 
ing position of the plane. The altitude difference of 14 minutes is 
equal to 14 minutes of latitude; therefore, a distance equal to  14 
minutes of latitude is measured on any convenient meridian, or on 

line drawn at right 

by observing the moon (if 

the point so 

or the intersection 
of lines of position from two stars at night, fixes the location of the 
plane. 

Example 12.-A flight is planned from New York to Paris, along 
the great-circle route. It is desired to leave New York on May 13, 
1938, From the best data available, a ground speed of 190 ni. p. h. 
is expected (165 m. p. h. air speed plus 25 m. p. h. westerly wind). 
The distance is a little more than 3,600 statute miles, and approxi- 
mately 19 hours are required for the flight. It is lanned to leave 
New York about 1 : 30 p. m. eastern standard time f=18"30m GCT), 
arriving at  Paris a t  about 1 : 30 p. m. the following day (= 131130m 
GCT) . 

From the Nautical Almanac it is learned that the mom will be full 
on Ma? 14, and will be favorably situated for observation. The dead- 
reckoning lane from about the end of evening 

14, are as ideated in figure 90. 
Using the latitude, lon&ude, and GCT corresponding to each dead- 

reckoning position, the altitude and azimuth of the moon for each 
position are computed by means of the line of position table, pages 182 
to 194. I n  the Nautical Almanac it is noted that the horizontal 
parallax for the moon on May 14 is 5SI1. From the table on page 
107, the bubble sextant corrections for refraction and parallax are 
Pound and applied to  the computed altitudes, with reversed sign. The 
azimuths are then plotted on the chart of the route (fig. go), and the 
precompuhd altitude curve of figure 91 is drawn. During flight, 
the only correction to be applied to the sextant altitude of the moon 
is that for index error (if any). 

To illustrate the use of the method in flight, su pose that at 3h30m 
GCT a sextant altitude of 18O59' is obtained. l p p l y i n g  a known 

ositions of the 
twilight, d~ 13, to about t g e beginning of morning twilight, May 
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BIQURE W.-Portion of great-circle route. New Pork t a b  Parir. 
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FI(:URE 91.-Precomputed altitude curve for the moon. 
May 14. 1938 S h  4 h  
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index correction of -3’. the corrected sextant altitude is 1 8 O . 5 6 ’ .  
From the curve of figure 91 the altitude of the moon for 3h30m is 
read as 18O43’. Since the observed altitude is 13’ greater, the posi- 
tion at  the time of observation is 13’ closer to the moon. At 3h30m the 
dead reckoning position of the plane is halfway between positions 5 
and 6;  the approximate azimuth of the moon is laid off through that 
point, as indicated by the light broken line. and the line of position 
LP is drawn, 13’ toward the body from the dead-reckoning position. 

A curve of altitudes can also be precomputed arid plotted for some 
other celestial body, differing from the moon in azimuth by about 90” 
if possible. The intersection of a line of position from the moon with 
a line from this second body, obtained as described above,‘ fixes the 
position of the plane. 

For  other examples in  celestial navigation. see pages 88 to 101. 
Additional examples, involving time-speed-distance relations, 

and simpler methods of correcting for the effect of wind. are included 
in the Appendix which follows. 



APPENDIX 

I n  the preceding exaniples all problems pertnining to wind effect 
have been solved graphically by means of a triangle of velocities. 
This principle is essential to a clear understaiiding of the factors 
involved; however, the constructioii of such a triangle in flight is 
often impractical. and may be considered laborious even on the 
groui id. 

Many pages of tables aiid coinputations have brei1 reduced to form 
the following siniple graphs, by means of which pilots inay read at 
a glance the answer to any problem involving the effect of wind or 
time-speed-distance relations. Each gr:iph has its own special use 
and is eas to interpret with the aid of the siniple examples given. I t  
is believe$ that pilots will be well repaid for the little time required to 
become thoroughly familiar with their special uses. 

I n  order to make the graphs useful for planes of all cruising speeds, 
it is necessary to arrange some of them for wind velocities aiid ground 
speeds in terms of percent of air speed. The first of the graphs ~-1iich 
follow, therefore, is for the conversion of percentage velocities into 
miles per hour and vice versa. 
In all the graphs it is in1ni:iterial whether statute niiles or nautical 

miles are used; the answers will be obtained from the graphs in the 
same terms with \\.hich the!. itre ~ 1 i t e 1 ~ 1 .  

1 51) 
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CONVERSION OF PERCENTAGE VELOCITIES AND MILES-PER-HOUR 
VELOCITIES 

[ S e e  fig 921 

This graph is intepded to facilitate t,he coilversion from miles per 
hour to percentage velocities. as well as reverse process. It needs 
no explanation other than the following examples : 

Example 1.-A wind velocity of 20 m. p. h. is reported. What 
percent is this of an air speed of 120 m. p. h.? 

Follow the curve for 20 m. p. 11. across to its intersection with the 
vertical line for 120 m. p. h. ; opposite this point a t  the left read the 
percentage velocity of 17. That is, 20 m. p. h. is 17 percent of the 
air speed of 120 m. p. h. 

Example 2.-From figure 95 it is found that a ground speed equal 
to 116 percent of tlie air speed of 140 m. p. h. will be rntide good along 
the intended track. 

Follow the horizontal line corresponding to 1 16 percent across to 
the vertical line for a i l  air speed of 140 m. 1’. h., and read 162 m. p. h. 
(interpolating between tlie curves for 160 and 165 m. p. h.), 

What is the ground speed in m. p. h.? 
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FIGURE PE.--C;raph for corivertiiig niile~i-per-hour velocities aiid percentage wlocitiea. 
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FINDING THE TRUE AIR SPEED 
[See  flg. 931 

For many problems of piloting ant1  dead reckoning a knowledge of 
the true air speed is essential. The air speed meter records the pres- 
sure of the air against the pressure chamber of the instrument in 
terms of speed. Pressure varies with altitude and with the tenipera- 
ture of the air, and the indicated air speed must therefore be corrected 
for these factors in order to obtain the true air speed. This correc- 
tion may be found from figure 93. 

I n  using the graph it is assumed that the air speed meter has pre- 
viously been corrected or calibrated for any instrumeiital or installa- 
t ion errors. Perhaps the most satisfactory metliod of ca1ibr:~tion is 
to fly a measured course under no-wind (or known wind) conditions, 
noting the time with a stop watch. The “pressure :iltitucle7’ with 
which the graph is entered is the reading of the altimeter when set for 
the standard barometric pressure of 29.92 inches of mercury (and cor- 
rected for instrumentnl and inst:dlation errors{). The following 
example illustrates the use of the graph. 

Example 1.-A pilot flying at  an altitude of 5,000 feet, a t  an iiidi- 
cated air speed of 135 m. p. h., wishes to determine his true a i r  speed. 
The temperature, read from a wing strut thermometer a t  the time, 
is 50” E”. 

Follow the horizontal line correspondin to an altitude of 5,000 feet 
across to its intersection with the verticaf line for a temperature of 
50°, and read the true air speed from the nearest curve-a little more 
than 108 percent of the indicated air speed. 

Referring to figure 92. it is seen that 108 percent of the indicated 
air speed of 135 m. p. h. is 146 m. p. h., which is the true air speed 
required. 



PRACTICAL AIR NAVIGATION 163 

5 
I 
I w 
3 
n 
c 
I? a 
w a 
3 
v) 
v) w 
Q 
a 

Fiouitlo I):L--Urnph for flridlrig the true air speed. 
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TIME-SPEED-DISTANCE PROBLEMS 

[See flg 941 

Example 1.-A prominent charted landniark, along the desired 
route and 6 miles from the starting point, is passed in 3 minute5 of 
flight. 

Using the inner scales (see note below graph), follow the vertical 
line corresponding to 6 miles down to its intersection with the hori- 
zontal line for 8 minutes. The diagonal line passing through the 
intersection, 120 r n .  p. h., is the ground speed required. 

Example 2.-With a ground speed of 120 m. p. h., how m:iny 
minutes will be required to reach a town 85 miles distant? 

Using the outer scales (see note below graph), follow the vertical 
line corresponding to 95 miles down to its intersection with the ground 
speed line for 120 ni. p. h., then follow the horizontal line  cross to 
read the required time of 47.5 minutes. 

Example 3.-A plane is niaking good a ground speed of 150 
m. p. h. and it is desired to divide the route into time intervals of 10 
minutes each. Find the number of miles that will be made good for 
each 10 minutes. 

Follow the horizontal line for 10 minutes across to the ground 
speed line for 150 m. p. h., and above this point read 25 miles, the 
distance to be made ood for each 10 minutes of flight. 

Example 4.-A &ght of 850 miles is to be made, and a ground 
speed of about 140 m. p. h. is expected. Find the total flying time 
required, 

For the infrequent cases involving distances in excess of 100 miles, 
multiply the two outer scales by 10. Follow the vertical line corre- 
sponding to 850 miles (85 miles) down to its intersection with the 
ground speed line for 140 m. p. h., then across to read the time interval 
of 365 ininutes (36.5), or 6 hours 3 minutes, which is the time required. 

Example 5.-Find the ground speed corresponding to a distance 
of 10.5 miles made good in 4.5 minutes. See example 1, page 174. 

For distances over 10 d e s  and time less than 6 minutes, the graph 
is not directly useful, since the ground speed lines are too close to- 
gether to be read easily and many of them must be omitted. This 

ortion of the graph should seldom be used, as results obtained froni 
Righ s eeds and short distances (or time) are not likely to be very 

k h e n  such a problem arises, niultiply both time and distance by 
any convenient number, as 2. In this case the distance become 21 
miles and the time 9 minutes, and the ground speed of 140 m. p. h. is 
easily read from the corresponding point on the graph. 

What is the ground speed being made good? 

de en c r  able. 
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CORRECTION TO COURSE FOR WIND AND DETERMINATION OF 
GROUND SPEED 

[See  fig 961 

This graph is intended for use when the wind direction and velocity 
are definitely known. It would ordinarily be used to deterniine the 
correct compass heading from weather reports before taking off, as 
well as the ground speed that will be made good along the intended 
track while flying the correct compass heading. 

As explained on page 41, the correction to the course that is read 
from the graph is also the drift ar!gle that will be observed in flight, as 
long as the correct compass heading js maintained and there is little 
change in wind. This provides a very definite check, then, I L S  to 
whether the conditions encountered in the air are as predicted. I f  
at any time an appreciably different drift an rle is observed, correc- 

lined in connection with figure 98 or figure 100. 
To use this graph, the wind velocity in miles per hour must first be 

converted into percent of air speed; the ground speed is read from 
the raph in percent of air  speed and must be converted into miles 
per four. This is done most readily by reference to figure 92. 

The "angle between wind and true course" is reckoned from dead 
ahead, i. e., looking toward the destination, from 0" to 180" on either 
side. 

Example 1.-The cruising speed of plane is 160 m p. h.; true 
course, 85" ; wind, 25 m. p. h., from 45". Fiind the correction to the 
course for wind, and the ground speed that will be made good along 
the intended track while flying the corrected course (compass 
heading). 

The angle between the wind and the true course is 85" -45", or 40". 
By reference to figure 92 it is seen that the wind velocity of 25 m. p. h. 
is 16 percent of the cruising speed of 160 m. p. h. Now, in figure 95, 
follow the vertical line corresponding to a wind velocity of 16 percent 
down to its intersection with the horizontal line for 40" wind angle and 
read from the red curve the correction to the course, which is 6" ; by 
interpolation between the black curves the ground speed that will be 
made good along the intended track is iound to be 87 percent of the air 
speed of 160 m. p. h., or 140 m. . h. This is the ground speed that will 

left the correction of 6" must be subtracted from the true course. 
dxample 2.-The cruising speed of plane is 135 m. p. h.; true 

course, 270" ;.wind, 32 m. p. h., from 30". Find the correction to the 
course for wind and the ground speed that will be made good along 
the intended track. 

The angle between the wind and the true course is 120O. I f  this 
factor is not entirely clear a t  any time, a crude sketch similar to figure 
96 will guard against errors. 

From figure 92 i t  is seen that t,he wind velocity of 32 m. p. h. is 
24 percent of the cruising speed of 135 m. p. h. Now, in figure 95 f d -  

tions based on the new wind conditions shoul c t  be determined as out- 

be made good along the inten I f  ed track. Since the wind is from the 
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low the vertical line for 24 percent down to its intersection with the 
horizontal line for 120" and read the correction to the course, which is 
12". Since the wind is from the right, this correction must be added 
to the true course. At the same point in the graph, a ground speed 
equal to 110 percent of the air speed is indicated; referring again to 
figure 92 it is seen that 110 percent of 135 m. p. h.= 148 m. p. h., which 
is the ground speed that will be made ood along the intended track. 

determine his ground speed as 90 percent of the air speed, and finds 
that he has to head 10" to the right of the niapietic course on the chart, 
in order to keep along the right side of the equisignal zone, because of 
strong cross winds. 

The 10" which the pilot must head into the wind is the wind correc- 
tion angle. I n  figure 95. locate the point where the black curve cor- 
responding to a prouiid speed of 90 percent intersects the red curve for 
a wind correction angle of 10" ; directly above this point find the wind 

Example 3.-A pilot flying the ra 8 io range course has been able to 

Find the direction and velocity of the wind. 

N 

S 
FIGURF H6.-Detcrmining the wind angle. 

velocity. which is 19 percent of the air s wd. and at  the left find the 
wind angle, which is about 63" to the rig r it of the true course. 

If referred. table 4 can be used for these problems, instead of figure 
95. &e table affords the same inforniation as the graph, but in some 
respects is less exact and requires mental interpolations. For example. 
for a wind velocity equal to 28 percent of the air speed the corrections 
must be interpolated between the vdiies given in the column for 25 
percent and the column for 30 percent. I f  the wind of 28 percent is at 
an angle of 80' from the head of the plane, the correction to the course 
for wind is 16", and the grouiid speed that will be made good along the 
intended track is 91 percent of the air speed, 
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Table I.-Correction to course for wind, and determination of ground speed 

V‘Corr.” is the correction to the course for wind; to be ADDED for wind from the RIGHT, subtracted 

[“a. 8.” is the ground speed that will be made good dong the intended track; it is expressed in percent of 
for wind from the left]. 
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CORRECTION TO COURSE AND DETERMINATION OF GROUND SPEED 

BY THE DOUBLEDRIFT METHOD 

[See Ag. 981 

Figure 95 and table 4 are intended chiefl for determinin the 

from predicted wind velocities and directions. Their use is subject 
to the disadvantage that winds vary with time, place, and altitude. 
and the conditions actually experienced in flight may differ appreci- 
ab1 from those redicted. 

z y  the use oPfigure 98, the pilot needs only to make two drift 
observations, and may read directly the correction to the course and 
the resultant ground speed. The results nre precise and are based 
on conditions existing at the moment, rather than on predicted 
conditions. 

Without the graph, this could be accomplished by plotting the two 
drift, angles in a combined figure from which the wind direction and 
velocity could be scaled, and then applying a correction for the wind 
so determined. By the use of this graph the plotting is eliminated 
altogether and the desired corrections are read opposite the observed 
drift angles. 

1. Fly a compass coiirse at an angle of 45" to the right of the intended trtick 
and observe the drift angle (defined on pp. 40 and 41)-say, 10" to the right. 

2. While returning to the intended truck and at  an angle of 46" to the left 
thereof, observe a second drift angle-say, 5" to the right. 

3. With these two values enter the graph and read the correctioii to the coiirhe 
as 11" (turn 11" toward the left), and the ground speed that will he made good 
a h g  the intended trmk R R  90 percent of the air npeed. 

ground speed and the correction to course be P ore beginning a fight, 

The procednre is as follows: 

0 
0 

H'louRro 97.--hle~suring the two dri f t  angles. 

E'iLwre 97 further illustrates the procedure. The cornpass WUIW 
from A to a distant point D (not allowing for wind) is 60'. Up011 
reaching the point B, i t  is decided to determine definitely the correc- 
tion to course and ground speed by this method. A compass course 
of 10.5" ( 4 5 O  to the right) is therefore flown until the drift angle is 

162016°--89-12 
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determined; the ship is then turned through go", returning to the 
plotted route on a compass course of 15" (45" to the left),. and the 
second drift angle is determined. Under average conditions, the 
plane should be approximately over the intended track when the 
second drift  angle is obtained, and the data read from the graph 
supply the pilot with the exact compass heading and ground speed 
toward his destination. 

As previously stated, the "correction to the course" is also the drift 
angle that will be observed as long as the plane is kept on the cor- 
rected compass headine and the wind remains unchanged. I f  a t  any 
time an appreciably different drift  angle is observed, it is notice of 
changed wind conditions, and new corrections to course and ground 
speed should be determined as before. 

I n  flying the two courses at, 45" to the plotted route, it is not nec- 
essary to consider differences of compass deviation unless the 
excessively large. Minor differences such as would ordinari y be 
present, would not affect the results. 

I n  the above process the pilot does not learn-in fact, does not 
need to know-the direction and velocity of the wind. Instead, these 
values have been previously computed and incorporated in the graph, 
and the pilot reads from it only the corrections therefor. I f ,  for any 
special purpose, the pilot should wish to know the wind direction and 
velocity, he can obtain them from the corrections read from the graph, 
as explained in example 3, p. 171. 

This detailed expltmation of the graph and of the method involved 
may soiind complicated. As a matter of fact, it is very simple and 
one of the most accurate methods devised to date. The simplicity is 
shown by the following examples. 

Example 1.-A pilot desiring to make good a compass course of 
78", flies first on a compass course of 123" (45" to the right,), then on 
a course of 33" (45" to the left), observing the drift angle on each 
course. On the first course a drift, angle of 15" to the right was 
obtained; on the second a drift angle of 5" to the left. Find the 
correction to the cmwse, and the ground speed that will he made good. 

At the top of the graph are shown the drift  angles for the course 45" 
to the right of the intended track; follow the vertical line correspond- 
ing to a drift  angle of 15" to the right down to its intersection with the 
horizontal line for a drift of 5" to the left, and read 7" correction to 
be subtracted from the course, and a ground speed of 77 percent. 
The compass heading to be flown, then, is 7S0-7"=71", and the 
ground speed will be 77 percent of the air speed of the plane. 

Example 2.-'11he compass course from A to B is 225" ; observed 
drift angle on compass course of 270" (45" to the right), 20' to the 
left; drift angle on compass course of 180" (45" to the left), 5" to the 
right. Find the correvtion to the course and the ground speed that 
will be made good. 

From the top of the graph, follow the vertical line for a drift of 20" 
to the left down to its intersection with the horizontal line for a drift  
of 5" to the right, and read 12" correction to be added to the course, 

4 are 
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and a ground speed of 136 percent. The compass heading to be flown 
is 225"+12"=237", and the ground speed wlll be 136 percent of the 
air speed. 

As long as the compass heading of 237O is maintained and there is 
no appreciable change in wind, a drift angle of 12" to the left will be 
observed. If any great change from this value is noted, the correc- 
tions to course and ground speed should be redetermined. 

Frouah: W.--Finding the I\ inil di! erriori mid \. rlocirj t roni figure 98. 

Example 3.-A pilot, having obtained i h u  figure 98 a correction 
i.qund speed of 85 percent, 

At the meridian AN (fig. 99) lay off the true coui'se A B  and plot 
the correction to the course. The air  speed is in the diiection of the 
conipass heading Al', which is therefore plotted = 100 percent; the 
ground speed is i n  the direction of QB, which is plottede85 perce!~t. 
CB then represents the wind velocity in percent of air speed, and ~ts 
direction, with respect to true north or to the true course, niay be 
measured from the drawing with a protractor. Wind direction and 
velocity niay also be obtained readily by the use of figure 101; see 
example 3, page 173. 

to the course of 10" to the left and  N. 
wishes to determine the direction and ve f o c ~ t y  of the wind. 
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FINDING WIND CORRECTION AND GROUND SPEED IN FLIGHT FROM 
ONE OBSERVATION WITH A DRIFT INDICATOR 

[See f ig .  1001 

As with the preceding figure, the corrections obtained from this 
graph are based upon conditions actually being experienced in flight, 
rather than upon predicted conditions which niay or may not hold 
good. The procedure is as follows : 

1. Head the plane along the no-wind compass coiirse to the destination. 
2. Note the drift angle and the ground speed being made good. 
3. With these data read dirrrtly from the graph the correction to the coiirse 

and the ground speed that will he innde good, in percent of air speed. 
This method is the simplest possible, and its precision is limited 

only by the accuracy with which the ground speed call be determined. 
With some drift indicators fairly good determinations of ground speed 
are possible; a t  other times this factor can be definitely known by 
reference to landmarks, radio marker beacons, etc. Whenever the 
ground speed can be satisfactorily determined, this method is the 
quickest and most satisfactory. I t  should be noted that with this 
method no departure from the course is necessary in order to make t,he 
drift -and-ground speed observations. 

As with the preceding graph, the correction to the course will be 
the drift angle that will be observed as long as the corrected compass 
heading i s  maintained and wind conditions do not change. I f  a t  any 
time during flight an appreciable difference is noted, it is only neces- 
sary to head the plane once more on the no-wind compass course, 
observe the new drift angle and ground speed, and read the desired 
corrections from the graph. 

Example 1.-A plane flying a t  an air speed of 140 m. p. 21. is headed 
on the no-wind compass cowse when a drift angle of 1l0 to the right 
and a ground speed of 153 ni. p. h. are observed with a drift indicator. 
Find the correctioii t,o the course and the ground speed that will be 
made good along the intended track. 

By reference to figure 92 it is seen that 153 m. p. h. is 109 percent 
of the air speed of 140 m. p. 1-1. Follow the vertical line corresponding 
to an 11" drift angle down to the (interpolated) horizontal line for 
109 percent and read, from the nearest red curve, Bo, the correction 
to the course for wind; the nearest black curve, 105 percent, indicates 
that a ground speed equal to 105 percent of the air speed will be made 
good along the intended track. Referring again to figure 92, i t  is 
seen that 105 percent of 140 m. p. h.= 147 m. p. h. Since the drift  is 
to the right, the wind is from the left, and the 12" must be subtracted 
from the compass course. 
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HEADING AND GROUND SPEED FOR THE EFFECT 

OF WIND 
[See flg. 1011 

intended chiefly for rectifying the heading and 
the effect of known wind. in order to d o t  on the 

RECTIFYING THE 

This graph is 
ground iipeiid for 
chart the true course and distance made good' (case I1 of dkad reckon- 
ing; JY. 44). It may also be used to determine wind direction and 
velocity. As in the preceding figures, wind velocities and ground 
speeds are indicated in percent of air speed. 

I n  effect, figure 101 contains all possible conibinations of the tri- 
angle of velocities. It consists of a red wind compass superimposed 
011 a series of black drift angles and ground speeds. 

The red wind compass is raduated to show wind direction at  10" 
intervals, and concentric re a circles for reading wind velocities are 
drawn from the center at. intervals corresponding to 5 percent of the 
air speed of the plane. 

The black drift angles are a t  intervals of 2", and the central line 
marked 0" may be considered either as true north or as the heading of 
the plane, according to the problem. The black arcs are spaced at. 
intervals of 5 percent of the air speed, and provide a convenient, scale 
for reading ground speeds. 

Example 1.-A pilot flying in fog at  100 111. p. h. on a true heading 
of 270" is advised by radio that, the wind is 20 m. p. h. from 45". Find 
the track (or true course) being made good and the ground speed. 

It is seen that the wind is from the right of the plane and 135" from 
the plane's head, arid the wind velocity of 20 m. p. 11. is 20 percent of 
the air speed of the plane. Following the (interpolated) red line for 
135" toward the left from the center, to its intersection with the circle 
for 20 percent, it is seen that the ground speed is 115 percent of the 
air speed, or 115 m. p. h., and the drift angle is 7" to the left. 
270" -7" =263", whlch 1s the track, or true course desired. 

Example 2.-A pilot flying over broken clouds at an air speed of 
120 m. p. h. and on a true heading of 90" was abIe to determine a drift 
angle of 10" to the right; at the same time he iioted that smoke from a 
chimney was practically a t  right angles to his heading. Find the 
wind direction and velocity, the track, and the ground speed. 

Following tlie red line a t  right angles to the center line out to its 
intersection with the black line representing a 10" drift to the right, 
we find a wind velocity equal to 17.5 ercent of the air speed, or 21 
m. p. h. The wind is from the left an $ 90" from the plane's head, or 
from true north. 

Since the wind is from the left, the drift  angle of 10" must be 
added : 90" + 10" =100", the track made good. The ground speed is 
also read from the graph as 101 percent of the plane's air speed, or 
121 m. p. h. 

Example 3.-A plane cruising at, a speed of 90 m. p. h. is headad 
true noi-th, and, by means of a drift indicator, a drift anale of 10" to 
the right and a ground speed of 103 m. p. h. are observe$. Find the 
wind direction and velocity. 

The ground speed of 103 m. . h. is 114 percent of the plane's air 
speed. Follow the black drift Hne marked 10" (to the ri h t  of 0 " )  
out to its intersection with the (interpolated) black groun if speed arc 
representing 114 percent. The posit1011 of this intersection betwen 
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the red circles for 20 and 25 per(-nt indicates the velocity of the wind, 
which is 23 percent of the air speed, or 21 m. p. h., and the nearest 
radial red line from the center, 120°, indicates the direction of the 
wind with reference to the plane's head. Since the heading of the 
plane in this case is true north, or 360°, the wind is from 360" - 120", 
or from 240" true. 

DRIFT DETERMINATION WITHOUT A DRIFT INDICATOR 
[See f ig .  1021 

Most texts on air navigation include a "table of course errors," 
showing the angular errors corresponding to the miles off-course for 
any distance flown. I t  is usually stated that in any given case, if 
the tabulated error is applied to the compass Leadin the plane will 

is applied the plane will return to the original track in the same 
distance. Such statements are mathematically incorrect when the 
depature from the course is due to wind, as is most often the case. 

Figure 102 shows the course errors for any departure from the 
track and any distance flown. As already pointed out, this error 
applied to the compass heading will not give the correct heading to 
steer. The graph serves just one useful purpose: When the error is 
due to wind drift (and not to erroneous measurement of the course 
on the chart, or compass errors) the course error indicated on the 
graph is the drift angle. 

I n  the absence of a drift indicator, then, the drift angle can be 
obtained by means of this graph. The ground speed can be obtained 
from figure 94 from the elapsed time and distance flown. With the 
drift angle and ground speed known, the correction to the course 
and the ground speed that will be made good along the intended 
track can be obtained at a glance from figure 100. Or if wind direc- 
tion and velocity are required, these may be obtained from figure 101 
with the same data. 

Example 1.-In flying from Cedar Lawn Airport, near Kenton, 
Ohio, to Springfield Airport (pl. I), on a true heading of 189" and a t  
a11 air speed of 120 m. p. h., a pilot passes directly over the town of 
Rushsylvania just 4.5 minutes after taking off. knowing that this 
town is west of his intended track, he wishes to find the correction 
to be made to his course, and the ground speed that will be made 
good. 

From the chart he finds that Rushsylvania is 10.5 miles from Cedar 
Lawn Airport and 2 miles west of the intended track. He  notes, 
from figure 102, that this corresponds to a drift  angle of ll", and from 
figure 94 that the ground speed is 140 m. p. h., which is 117 percent 
of the plane's air speed. (See example 5, p. 164.) Referring to figurn 
100 with these data he reads the correction to his course as 13", and 
the ground speed that will be made good along the intended track as 
112 percent of the air speed, or 134 m. p. h. Since the wind is from 
the left, the correction of 13" must be subtracted from the heading: 
189" - 13" = 176", the true heading to be steered. 

I f  he should wish to know the direction and velocity of the wind, 
he may enter fi ure 101 with a drift angle of 11" to the right and a 

of the air speed or 32 m. p. h., and the wind direction as 125" from 
the heading of the plane, or 189" - 125" =64O true. 

then parallel the original intended track; or that if 8 ouble the error 

ground speed o f 117 percent, and read the wind velocity as 27 percent 
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RADIUS OF ACTION 

Radius of action problems are treated on pages 47 to 51. The 
solutions offered there are precise, and should be followed whenever 
exact data are essential. Often the approximate radius of action is 
all that is required, and for quick convenience the following approxi- 
mate table is given. I t  tabulates the distance a plane may fly under 
given wind conditions and still return to the point of departure. 

Table 5,Approximate radius of action for each hour of Ruing time available 
- ____.___ 

Air speed of plane -7 
1 5 ’  

75 
80 
85 
90 
95 
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155. . . 
1 m  . 
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92 
94 
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99 

102 
104 
107 
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114 
117 
119 
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41 
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57 
59 
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64 
67 
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71 
74 

76 
79 
81 
84 
86 
89 
91 
94 
98 
99 

101 
104 
106 
109 
112 
114 
117 
119 
122 
124 

‘ind velocity-in m. p. h. 

20 

34 
37 

42 
45 
48 

50 
53 
56 
58 
60 
63 
66 
68 
71 
73 

76 
78 

40 

ni 
n3 
no 
n8 
91 
93 
96 
99 

101 
104 
106 
109 
111 

’ 114 
1 I6 
119 
121 
124 

4 I 
25 

33 
36 
38 
41 
44 
46 

49 
52 
54 
67 
60 
62 
65 
67 
70 
72 

75 

EO 
78 

83 
85 
88 
90 
93 
95 
98 

I00 
103 
106 
108 
111 
1 I3 
116 
118 
121 
123 

30 
~- 

34 
37 
40 
42 
45 

48 
50 
53 
56 
58 
61 
64 
66 
69 
72 

74 
77 
79 
82 
84 
87 
Bo 
92 
95 
97 

100 
102 
105 
107 
1 IO 
I13 
116 

120 
123 

118 

35 

38 
41 
43 

46 
49 
52 
54 
57 
80 
62 
65 
68 
70 

73 
76 
78 
81 
84 

89 
91 
94 
96 

99 
102 
104 
106 
I09 
112 
114 
117 
I20 
123 

86 

40 

42 

44 
47 
50 
63 
56 
58 
til 
64 
66 
60 

72 
75 
77 
80 
82 
85 
88 
90 
93 
96 

98 
101 
103 
106 
108 
111 
114 
1 I6 
119 
121 

45 

48 
51 
M 
56 
60 
G2 
65 
68 

70 

79 
81 

;; 

9 :: 
n4 

97 
100 
102 
105 
108 
110 
113 
115 
118 
120 

A0 
_. 

.. 

A2 
55 
58 
61 
63 
66 

69 
72 
74 
77 
80 
83 
85 

91 
93 

9G 
98 

101 
104 
106 
109 
112 
114 
1 I7 

88 

I 20 
~~ 

Minimum radius of action exists with the wind parallel to the 
route (head or tail winds) ; niaxiiniirri radius occiirs with the wind at 
right angles thereto. The difference bet ween ni:ixirnurn :ind minimum 
is surprisingly small, amounting to only : 

10% for n 40% wiud (wind 40% of pliirie’a air  speed) 
5% for a 30% wind 
3% for a 25%) wind, arid 
2% for a 20% wind. 

The values given in table 5 are for wind ~):irallel to the route, and 
therefore represent minimum radius of action. For other conditions 
slightly greater radius is possible. 

The radius of action indicated in the table is the radius for one 
hour’s flight, and should be multiplied by the number of hours of 
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flying time available. lane with an air speed of 120 

the table is 57 miles from each hour's flight. Fuel for 3 hours and 30 
minutes is available; therefore the radius of action is 3.5 x 57, or 199 
miles. 

THE BEAUFORT SCALE 

ages various methods have been given for cor- 
recting the course o E n plane for the. effect of wind. For dependable 
navigation i t  is desirable to obtain wind data as accurately as 

be of some assistance in estimating wind velocities. It i s  commonly 
known as the Beaufort scale. 

Thus, for a 
111. p. h. and a wind of 25 in. p. h., t R e radius of action Indicated in 

I n  the preceding 

however, in the absence of better facilities the following 

Miles per 
hour 

(statute) 
Beaufort 
number 

Terms used In 
U. 8. Weather 

Bur$$- ___-_ 

Table &-Beaufort scale for estimating wind velocities 

8-12 

13-18 

19-24 

Speciflcations for use on land 

Gentle. 

Moderate. 

Fresh. 

Calm; smoke rises vertically 

Direction of wind showii by smoke drift, but 
not by wind vanes. 

Wind felt on face; leaves rustle; ordinary vane 
moved by wind. 

Leaves and sinal1 twigs in constant motion; 
wind extends light flag. 

Raises dust and loose paper; sniall branches 
are moved. 

Small trees in leaf begin to sway; crested wave- 
lets forin 01) inland waters. 

Large branchcs in  motion ; whistling heard in 
telegraph wires; innbrellas used with diffi- 
culty. 

Whole trees iii motion; inconvenieiice felt in 
walking against wind. 

Breaks twigs off trees; generally inipedes 
progress. 

Blight structural damage occurs (chimney pots 
and slate removed). 

Seldom experienced inland; trees uprooted; 
considerable structural damage occurs. 

Very rarely experienced; accompanied by wide- 
spread damage. 

I Except for the word "calrri, ' these trrrns nre not ordinarily uscd in aeronautical weather reports and 
forecasts. 

The Beaufort numbers are represented 011 weather maps by the 
number and length of the barbs on the wind arrows (see p. 128), and 
indicate the approxiinat e wind velocities at, the various reporting 
stations. They are seldoni used for a11 other purpose, and should 
not be confused with wind velocities iii &eather Bnivau reports and 
forecasts, which are always given in miles per hour. 
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Municipal Airport. 

Albany Airport. 
BrownsvillePnn Ameri- 

can Airport. 
Buffalo Airport. 
Municipal Airport. 

Ford Airport. 
Waync Countv Airport. 
Douglns Tnternatlonal Air- 

WilliamRon-Johneon Air- 

Do. 

Do. 
Do. 

port. 

nnrt. 

Location 

Nogales, Ariz 

Ogdeusborg, N. Y . . ~ 

Pcmbina. N. Dak 
Portal. N. Dak ..... 
Port Angelnn, Washsh-- 
Port Townsend, Wash 
Put-in-Bay, Ohio ~ ~. . 
Rouses Point. N. Y -  

San Diego. Caiif.. .... 
Ran Juan. P. R ..... 
Seattle. Wash ......... 

n o  ................ 

Akron. Ohio.. ........ 

Rangor Maine- ................... 

Rurlington. Vt-. 1 .................... 
Calexico,  calif^..- ...................... 
Cape Vincent, N. Y-. .................. 
Fort Yukon, AiaRka ..................... 
Great Falls, Mont ....................... 
Havrc, Mont.. ......................... 
Malone, N. Y.. ........................ 
Miami, Fla- ............................ 
Niagara Falls, N. Y.. ................... 
Plattshurg, N. Y.. ...................... 
Rochester, N. Y. ..................... 
Sandusky, Ohio. ...................... 
Seult Ste. Marie, Mich ................ 
Spokane, Wssh..-- .................... 
Warroad, Mion.. ..................... 
Watertown, N. Y . .  ............... 
Wellesley I., N. Y. .................... 

Bcllingham, Wash.-. .................. 
Buffalo, N. ,Y ........................ 

Croshy, N. Dak ........................ 

Aio, Adz ........... 
Albany, N. Y ......... 
Rrowrisville, Tex-.. __. 

Buffalo, N. Y ......... 
Caribou, Maine.. ..... 
Clevoland, Ohio ....... 
Detroit. Mich ......... 

Banaor Airport.. ........................... June '26,1939 

Rurlington Airport .......................... June 29,1939 
Calcxico Airport ............................. Jan. IO, 1939 
Cape Vincent Harbor-~ ........................ Apr. 25,1939 

Fort Yukon Airfleld. .......................... July 6.1939 
Great Falls Airport. .......................... June 2,1939 
Havre Airport.. .............................. Do. 
Malone. Airport ... .................... Apr. 18,1939 
Chalks Flying Scrvico Airport.. .............. So t 17 1938 
Niagarn Falls Airport 
Plattsburg Airport ......................... June 2,1939 
Rochester Airport. .......................... Nov. 7,19,?s 
John G. Hlnde Airport ........................ June I, 1938 
Sault Ste. Marie Airport. ..................... Aug. 4,1938 
Spokane Airport (Folts Fiold) ................. June 2,1939 

Wrllesley Farms Airport 
Wellesley I. Seaplane Basr 

Graham Airport ........................... Apr. IS, 1939 
Ruffalo Marine Airport-. ...................... July 29,1938 

Crosby Airport .............................. June 28,1939 

....................... Ju&' 2: 1939 

Warroad Seaplane Base. ...................... Sept. 2.1938 

- - May 11939 
Walling Airport . . . . . . . . . . . . . . . . . . .  lJi:ne 2,,1939 

.............. { .................. 

Do. ............. 
Do ............... 

Douglas. Ariz. . -. . _ _  -. 
Dulnth, Minn. - _ _ _ _ _  - 

Do-. .............. 

Eagle Pass, Tox ....... 
El Paso, Tax ......... 
Fairbanks, Alaska.. .. 
Juneau, Alaska ...... 
Ketchikan. Alaska.. .. 
Key West, FIR ........ 
Laredo, Tex.. ......... 
Miami, FIR.. ......... 

Do.. ............. 

U. S. COAST AND GEODETIC SURVEY 

Table 7.-Code adopted for  airway use 

Table d.-Airports of entry 
AS OF JUNE 30, 1938 

WITHOUT T I M E  LIMIT 
_____ 

Name / j  Location 

D&th Boat Oloh Sea- 
plane Base. 

EaFkI PaSS Airport. 
E1 Pas0 Airport. 
Wecks Municipal Airport. 
Junrau Airport. 
Ketchikan Airport. 
Meacham Airport. 
Laredo Airdrome. 
Dinner Key Seaplane 

Pan American Airport (or 
RRW. 

36th St. Airport). 

Skagway, Alnska 

Swanton, Vt-. 
West Palm Reach. 

Wrangell. Alaska 

Fla 

Name 

Nogales International Air- 
port. 

Ogdensburg Harbor. 
Fort Pembina Airport 
Portal Airport. 
Port Anaeles P.irgort. 
Port Townsend Airport. 
Erie Islr Alrways Airport. 
Rouses Point Soaplane 

Lindhergh Field. 
Isla Grande 4irport. 
Boeing Field. 
Lake Union Seaplane 

Skaaway Municipal Air- 

Baw. 

Base. 

port. 
Missisquoi Alr r t  
Roosevelt F l y g  &ervlce 

Baw (Currie Common 
Park). 

Wrangell Seaplane Rase. 
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PRICE LIST OF AERONAUTICAL CHARTS 

All aeronautical charts published by the Coast and Geodetic Survey may be 
ordered from the Director, Coast and Geodetic Survey, Washington, D. C., or 
from the  Aeld stations of the Bureau at  the following places : 

10th Floor, Customhouse, Boston, Mass. 
620 Federal Office Building, New York, N. Y. 
314 Customhouse, 423 Canal Street, New Orleans, La. 
307 Customhouse, San Francisco, Calif. 
601 Federal OWce Building, Seattle, Wash. 

These charts are also stocked for  sale by Recognized Dealers at the principal 
airports of the  United States. A list of Recognized Dealers and their places 
of business may be obtained upon request from the  Director, Coast and Geodetic 
Survey. 

Prices of charts per single copy are as follows : 
Sectional aeronautical charts (1 : 500,000), 40 cents. 
Regional aeronautical charts (1 : l,OOO,OOO), 75 cents. 
Aeronautical radio direction-finding charla (1 : 2,OOO,OoO), 75 cents. 
3080a. Aeronautical planning chart, United States, Lambert projection 
(1 : 5,ooO,0oO) ; shows principal airports and broadcasting stations, index 
t o  sectional charts, a n 8  lines of equal magnetic variation at 5" intervals; 
40 cents. 

3074. Great-circle chart, United States, Gnomonic projection : shows prin- 
cipal airports; 40 cents. 

3077. Magnetic chart of the United States, rrhowing the lines of equal mag- 
netic variation (declination) at 1" intervals, nnd of equal annual change, 
for  the year 1935. This  Chart is issued at intervals of 5 years, the lines 
of annual change providing means of estimating variation for intervening 
years ; 20 cents. 

Keuai, Alaska (1 : l , O o O , C ~ ) ,  40 cents. 
A discount of percent from full published prices is  allowed on orders for  

aeronautical and auxiliary charts amounting to $10 (grom value) made in one 
shipment to  one address. 

A discount of 25 percent is allowed on orders for  100 or more copies of Special 
Publication No. 197 (Practical Air Navigation and the Use of the Aeronautical 
Charts of the U. S. Const and Geodetic Survey), in one shipment to one address. 

PUBLICATIONS OF THE CIVIL AERONAUTICS AUTHORITY 

They are not returnable. 

The Civil Aeronautics Authority, under its obligatiolis to promote 
and regulate air commerce, publishes pamphlets and bulletins of gen- 
eral and specific interest to the aircraft industry, airmen, and the 
public. Some of these are on special phases of aeronautics, both tech- 
nical and nontechnical in character, and are known as Aeronautics 
Bulletins. I n  addition to  these publications, airway bulletins and re- 
ports of qoinmitkees and conferences are published. Requests for 
publicatioiis should be addressed to the Civil Aeronautics Authority, 
Washington, D. C., except, in the case of the Air Commerce Bulletin, 
which has been placed 011 a sales basis and may be ordered from the 
Su erintendent of Documciits, Unit,ed States Government Printing 
O&e, Washington, D. C., a t  50 cents a year, or  5 cents a single cop 
and 111 the case of the Flight Instructors Manual, which may g i  
Ordered from the Superintendent of Documents at 25 cents a copy. 

A description of the printed publications follows: 
Air Commerce Bulletin. 

The Air Commerce Bulletin, published on the 26th of each month, carries 
articles, news items, iiiid statistics dealing with civil tieronnutics ; information 
a s  to certiflratefi and approvals issued hy the Civil At.rontiiitics Anthority ; and 
notice of i~sunnce  of any new or reviwd regulations tind pnhlioiitions issued by 
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the Civil Aeronautics Authority. News of Civil Aeronautics Authority projects 
is emphasized, but other information also is carried, particularly with reference 
to  scheduled and miscellaneous aircraft operations, accidents, and aircraft 
production. 
Civil Aeronautics bulletins: 

No. 3. Aircraft Accidents and Casualties, September 1, 1938. 
No. 5. Flight Instructor’s Manual (25 cents, from Superintendent of Docu- 

No. 10. Airport Lighting, September 1 ,  1938. 
No. 11. Airport Directory, July 1, 1939. 
No. 12 Air Marking, October 1, 1938 

No. 1. The Radiotelemeter and Its Iniportance to Aviation, September 1938. 
No. 2. An Ultra-High Frequency Aircraft Receiver, September 1%8. 
No. 3. Aeronautical Light Nomenclature, October 1938. 
No. 4. The Alfaro Engine, January 1939. 
No. 5. Development and Use of the Airport Orientntor, Dwetnber 1938. 

ments). 

Development report. : 

Civil Air Regulations, 334 pp. 

Digest of Regulations . . . for solo and private pilots certificates, 55 pp. 

Publications of the former Bureau of Air Commerce. 
In  addition to the above, thc Authority has iirailnhle for distribution t i  limited 

number of publications issued by the former Ilureaii of Air Coininewe of the 
Department of Commerce. This Bureau went out of existence in August 1938 
when its personnel and property were transferred to the Civil Aeronautics 
Authority in accordance with the Civil Aeronautics Act of 1938. 

Some of these publications are  now being revised; or are scheduled for revi- 
8ion in the near future. These piiblicntions a r e  as follows : 
Aeronautics bulletins: 

No. 1. Civil Aeronautics ill the United Ht 
No. 18. Strite Aeronautical Legislntion 1) 
No. 27. Aeronautic Rndio. 

No. 1. Airport Grading ant1 Drainiige. Jiiiir 1. 1935. 

Airway Map of the 1Jnited Sti1tr.c. Novemhrr 1. 1938. 

No. 1. Repnrt on the Status of Instriiinfwt Lnnditig Bystenis. October 1937. 
No. 2. Report on 125 Megacycle Airport Trrrffic Control Tests :it Indianapolis, 

January 1938. 
No. 5. Report on the Development of Fan Type [Jltra-High Frequency Radio 

Markers as n Traffic Control :inti Let-Down Aid, Janunry 1938. 
No. 7. Development of ti SiIfC’ty rind ~’lnnning Progmin, April 1938. 
No. 8. Report on Cone of Silence Tests a t  Knoxville, Tcwn., April 1938. 
No. 9. Directory of Airliort Admiiiistrntive Offic-inls and Manngcrs, February 

No. 10. Analysis of the Aviation Medicine Sitiiatioii ;I lid Recciiriiiieiidations 

NO. 11. The Hindenburg Accident, August 1938. 
No. 12. Study of Safety of Aircraft Having Single I hitil-Genred 1’owt.r I’liint, 

No. 13. The Effects of Oxygen Deprivation (High Altitnde) on the Human 

No. 14. The Development of :in Irnprovf~l [Jltra-Higii I~’reque~tcy Hatlio Fan 

No. 15. Tcstw Conducted to Dc~terniinr Safe Methods of Dumping File1 from 

No. 16. The Developinf.nt, Adjustment, and AppliC‘:iti(~ll of the Z Mnrkrr, 

Airport Bulletin : 

Map: 

Safety and planning reports: 

1938. 

for a Bureau Program, April 1938. 

April lW8. 

Organism, May 1938. 

Marker, July 1938. 

Airplane8 in Flight, July 1938. 

July 11h78. 
No. 17. Tests of the First Mannf;ic-tured Fan Marker, July 19%. 
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Army-Navy-Commerce Reports : 

ANC-5. Strength of Aircraft Elements, Jaiiuary 1%8. (For sale by the 
Superintendent of Dociiments, Government Printing Omce, Wnshington. 
D. C., 25 cents.) 

A N 6 1  (1). Spanwist. Air Load Distribution, April 1988. (For sale by the 
Superintendent of Doc~nments, Gorernment Printing Offlce, Wnshington, 
D. C., 60 cents.) 

Miscellaneous publications: 
Tabulation of Air Navigation Hitdio Aids, published iu~uthly. 
The Airway Radio Range. A descrilkion of the iise of the Civil Aeronautics 

Authority radio rnnge stations. 31 pp., 14 illus. 

CONVENIENT ABBREVIATIONS 

I n  the solution of navigational problems and the tabulation of data, 
the use of suitable abbreviations saves tiine and affords greater clarity. 
The following abbreviations are often used and will be found very 
convenient in- prtictice : 

a= Altitude difference (intercept). 
AP= Airport. 
AS = Air speed. 
Bn = Beacon. 
CC= CompasR course. 
CH = Compass heading. 

Corr = Correction. 
D = Drift angle. 

D/F = Directioii finding. 
DR= Dead reckoning. 
Dec= Declination. + =north dec. 

- =south dec. 
Dev = Deviation. 

G= Greenwich. 
ETA = Estimated time of arrival. 

GCT= Greenwich civil time. 
GHA= Greenwich hour angle. 

GST = Greenwich sidereal time. 
GS= Ground speed. 

H =Computed altitude (from as- 

HD=Hourly difference. 
HE=Height of eye. 
H.=Observed altitude (sextant alti- 

tude corrected for refraction, 
etc.). 

HP= Horizontal parallax. 
H.= Sextant altitude (uncorrected). 
IC= Index correction. 

Lat= Latitude. 
LHA = Local hour angle. 

sumed or DR position). 

Lon =Longitude. LF= ~ i n e  of position. 

MC= Magnetic course. 
MH = Magnetic heading. 
mph= Miles per hour. 
NA= Nautical Almanac. 

Par= Parallax. 
RA= Right asceiision. 

RIA= Radius of action. 
RBn = Marine radiobeacon. 

RC= Radio compass (naval radio 

Ref = Refraction. 
RM= Radio marker bescon. 

RRa= Radio range station. 
RS= Radio station (commercial 

broadcast). 
SD =Semidiameter. 
SP = Seaplane port. 
TC = True course. 
TH =True heading. 
Var- Variation. 

WC= W i d  correction angle. 
Z= Asiniuth or bearing. 
D = Moon. 
* = Star. 

0 =Sun. 
T=Vernal equinox (first point of 

M = Meridian of observer. 

O=Origin, or starting point. 

direction finder station), 

W- Wind (direction and velocity). 

Aries). 

THE LINE OF POSITION TABLE 

The Line of Position Table is a11 abridged form of the Dead Reck- 
oning Altitude and Azimuth Table, prepared by Lt. Arthur A. Age- 
ton, United States Navy, and publislied by the United States Hydro- 
grtt hic Ofice 8s H. 0. No. 211. It is reproduced here by the courtesy 
of t P mt Buretin. Those desiring further iuforrriation as to the deriva- 
tion and other uses of the table nre referred to  the original pub- 
lication. 
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105.9 
106.9 
107.7 
108.6 
109.5 
110.4 

U. S. COAST A N D  U E O I ~ K T I C  SUAVJSY 

105970 
105928 
105683 
105539 
105397 
105254 

Table 9.-Line of position table 
WHEN L n A  (E OR w) 18 GREATER THAN soo. TAKE "K** FROM BOTTOM OF TABLE 

174°00' 176°W' 

- 

- 
0 
1 
2 
3 
4 
5 

0 
7 
8 
9 

10 

11 
12 
13 
14 
15 

10 
17 
I8 
19 

21 
22 
23 
24 
25 

20 
27 
28 
28 
30 

31 
32 
33 
34 
35 

30 
37 
38 
39 
40 
41 
42 
43 
U 
45 
40 
47 
48 
49 
50 
51 
62 
53 
64 
55 
53 
67 
68 
59 
GO 

20 

- 

- I '  

R 
-- 
166.6 
166.7 
167.8 
168.9 
170.0 
171.1 

173.4 
174.5 
175.7 
176.8 

178.0 
179.1 
180.3 
181.4 
1826 

1A4.9 
186.1 
187.2 
188.4 

189.6 
190.8 

193.2 
194.4 

19k6 
I9&8 
I S 0  
199.2 
200.4 

2 0 t 6  
2628 

205.3 
206.5 

209.0 
210.3 
211.5 
2128 
214.0 
215.3 
216.6 
217.5 
219.1 

221.6 

226.2 
226.6 
226.8 
228.1 
229.4 
230.7 
2320 
2115.3 
234.6 

237.2 
238.0 

B 

1723 

im.7 

ivzo 

204.1 

207.8 

zm.a 
2229 

23s.s 

-- 

60 
59 
68 
57 
MI 
66 

I 
62 
61 
€4 

49 
48 
47 
46 
46 

43 
42 
41 
40 

39 
38 

a0 
a6 

34 
38 
32 
31 
a0 

28 
28 

25 
2S 

23 
22 
21 
20 
19 
18 
17 
10 
I5 

13 

11 
10 
9 
a 
7 
6 
6 
4 
8 

1 
0 

m 

ru 

a7 

n 

24 

14 

la 

a 

0.1 
0.1 
0.1 
0. I 
0-2 

0.2 
0.3 
0.3 
0.4 
0.4 

0.6 
0.6 
0.6 
0.7 
0.7 

0.8 
0.9 
1.0 
1.1 
1.1 

1.2 
1.3 
1.4 
1.5 
1.7 

1.9 
1.9 
2.0 
2.1 
2.3 

2 4  
2.5 
2.7 
2.8 
2.9 

171070 
171023 
1703'19 
189746 
189121 

1BBH)li 
107897 
167% 
1887oR 
168125 

165550 
104982 
104422 
183868 
103322 

1ma3 
162250 
111724 
101204 
100690 

100192 
150680 
159184 
158093 
158208 

157728 
1.57254 
1Mi784 
150320 
155881 

155406 
154958 
1.54511 
154070 
153633 

111.3 
112.2 
113.1 
114.0 
114.9 

116.9 
116.8 
117.7 

119.6 

120.5 

1224 
123.4 
124.3 

125.3 
126.2 
127.2 
123.2 
129.2 

130.1 
131.1 

134.1 

136.1 
136.1 
137.1 
139.1 
139.1 

im.7 

121.t 

1321 
139.1 

140.1 
141.1 
142.2 
143.2 
144.2 
145.2 
146.3 
147.3 
148.4 
149.4 

105113 
104971 
104830 
104090 
104560 

104411 
104272 
104133 

103867 

103720 

1 W 7  
103311 
103175 

103040 
1- 
102771 
102837 
102404 

107371 
102238 

101M3 

101712 
101581 
101451 
101321 

103895 

I O ~ ~ L L ?  

ioaiod 
lorn74 

ioim 
101M13 
100834 
loo808 
100978 
100550 
1W23 
1002WI 
100170 
100044 
88918 

2oW - 
B 

26.5 
26.9 
27.3 
27.8 
28.3 
2a.7 

29.2 
29.6 
30.1 
30.6 
31.1 

31.5 
a 2  0 
32.5 
33.0 
33. 6 

34.0 
34.6 
36.0 
3!!. 5 
36.0 

36.6 
37.1 
37.6 
38.1 
38.6 

39.2 
39.7 
40.3 
40.8 
41.4 

41.9 
42.5 
13.0 
43.6 
41.2 

44.7 
45.3 
46.9 
46.5 
47. I 
47.6 
48.2 
48.8 
49.4 
60.0 
60.7 
61. 3 
51.9 
52.6 
63.1 
53.7 
54.4 
65.0 
55.7 
56.3 
56.9 
5;. 6 
68.2 
53.9 
69.6 

- 

- 
B 

- 
B 

- 
A B 

__ 
6.6 
6.8 
7.1 
7.3 
7.6 
7.8 

8.0 
8.2 
8. 6 
(1.7 
9.0 

9.5 
9.8 
IO. 1 
10.3 

IO. 6 
IO. 9 
11.2 
11.6 
;I. 8 

1% 1 
12.4 
12 7 
13.0 
IS. 3 

13.6 
13.9 
14.2 
14.6 
14.9 

IS. 2 
15.6 
15.9 
16.2 
16.6 

16.9 
17.3 
17.6 
18.0 
18. 4 
18.7 
19. I 
19.6 
19 9 

20.6 
21.0 
21.4 
21.8 
2 2  2 
2 2 6  
23.1 
23.6 
23.9 
%I. 3 
24.7 
25.2 
25.6 
26.0 
26.5 

B 

9. a 

20: 3 

- 

A 
- 
145718 
145358 
1 4 m  
144046 
1 4 4 m  
143946 

143800 
143257 
I42910 
142579 
142243 

141911 
1415881 
141253 
140828 
14M05 

140m.5 
130967 
139651 
139338 
139027 

138718 
1.38411 
138106 
137804 
137504 

137m.5 
I36908 
130615 
336322 
138032 

135744 
13Mh7 
135173 
134890 
134608 

134330 
134052 
133777 
133503 
133231 
132961 
132092 
132425 
132159 
131896 
131633 
131373 
131114 
13W0 
130800 
130340 
130083 
329841 
129591 
129342 
129095 
1723849 
1286116 
128382 mno 
- 

A 

A 
- 
izano 
127880 
l27WO 
127403 
123186 
12t1931 

I#MB? 
123405 
I!XW 
1#)003 
126774 

12h540 

125094 
124RYO 
124047 

124425 
124204 
123985 
121766 
123549 

123332 
123117 
122903 
122890 
122475 

122267 
122057 
121818 
121639 
121432 

121228 
121021 
120817 
120614 
120412 

120211 
lmlo 
ll9Rll 
llR612 
119415 
119218 
119022 
118827 
118633 
118440 
118248 
11 8056 
117868 
117676 
117487 
117263 
117112 
116925 
116739 
116554 
1103i0 
116187 
118004 
115823 
115641 

1m2o 

- 
A 

A 

. . . -. -. 
353627 
323524 
305915 
293421 
283730 

275812 
259118 
2(33318 

253627 

249488 
245708 
242233 

238018 

233215 
230583 
228100 
225752 
223525 

221406 
219385 
217455 
215607 
213S34 

212130 
210491 
208912 
207388 
205916 

204492 
203113 
201777 
m80 
199221 

197998 
l m 8  
195650 
191522 
193422 
192350 
191303 
180282 
1 8 9 m  
188307 
187353 
198419 
185505 
184608 
183732 
182872 
182029 
181201 
180390 
179593 
178810 
178042 
177287 
176544 
175814 

258203 

239015 

___ 
A 

59.6 
60. 2 
60.9 
61.6 
6 2 2  
6 2 9  

63.6 
64.3 
611. 0 
611.7 
66.4 

67.1 
67.8 
69. 6 
69.2 
69.9 

,70.6 
71.3 
7 2  1 
7 2  8 
73.5 

74.3 
75.0 
75.8 
76. 6 
77.3 

78.0 
58.8 
79.6 
80.3 
81.1 

81.9 
82.6 
83.4 
84.2 
85.0 

85.8 

88.2 
89.0 
89.8 
90.6 
91.4 
92.3 
93.1 
93.9 
94.7 
96.6 
96.4 
97.3 

99.0 
99.8 

100.7 
101.6 
102.4 
103.3 
104.2 
105.0 
105.9 

2 !i 

98. I 

- 
B 

115641 
115461 
115282 
115103 
114925 
114747 

111571 
114395 
114220 
114045 
113872 

113699 
113520 
113354 
113183 
113013 

112843 
llu174 
112506 
112338 
112171 

112005 

111874 
111510 
11 1340 

111183 
111020 
110858 
110698 
110536 

110375 
110216 
110057 
108898 
100740 

108428 
109270 
108115 
108860 

1080.51 
108498 
1W45 
108193 
108041 
107880 
107739 
107589 
107439 
107290 
107141 
100883 
108840 
108898 
106552 
108406 
106260 
1Of3115 
105970 

iiia39 

1oa5a3 

108505 

- 
A 

0.0 
0.0 
0.0 
0.0 
0.0 

175814 
175087 
174391 
173696 
173012 
172339 0; 0 

153201 

150.6 
151.6 
I52  6 
153.6 
164.7 

89068 
89544 
99420 
89290 

166.8 
156.9 
157.9 

6.4 147945 
i 6  I 147586 

169; 0 
160.1 
161.2 5.8 

6.0 
6.2 
6.4 
6.6 

147180 
148817 
140448 
146081 
145718 

1623 
163 4 

166.6 
1iX: 5 

w 3 a  
98318 
88197 
88070 

176°00' 179'00' I 178°w' 177000' 



Table  9.-Line of pos i t i on  tab le -Cont inued  
ALWAYS TAKE "Z" FROM BOTTOM OF TABLE. EXCEPT WHEN "K" IS SAME NAME A N D  

GREATER THAN LATlTUDE. 1N WHICH CASE TAKE "7," FROM T W  TABLE 

- 
50 
,9 
ti 
,7 
VI 
,5 

14 
J 
12 
il 
io 
19 
18 
17 
16 
15 

U 
13 
12 
11 
IO 

39 
18 
37 
M 
36 

34 
33 
32 
31 
90 
29 
P) n 
16 
23 
a4 
23 
22 

m 
19 
18 
17 
16 
15 
14 
13 
12 
11 
IO 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

ai 

- 

, 

- 

- 
, 

- 
0 

3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
38 
2I1 
30 
31 
32 
33 
34 
35 
36 

38 
39 
40 
41 
42 
43 
44 
46 
ld 
47 
48 
49 
w 
61 
61 
b3 
64 
64 
w 
67 
68 
l% 
(IE 

:: 

a7 

- 
I 

- 

7'00' 9'00' IOYJO' 11' 6'00' 6'00' 
~ 

B 
__ 
B 

- 
11 
- 
ROS 
808 
810 
813 
815 
818 

820 
823 
825 
828 
830 

a33 
836 
838 
840 
843 

846 
848 
850 
853 
856 

858 
860 
863 
866 
868 

873 
816 
878 
881 
rn 
886 
Ma 
891 
894 
894 
899 
901 
904 
907 
909 
911 
914 
917 
920 
921 sa 
928 
Bs(I 
931 
936 
931; 
941 
943 
94f 
94s 
951 
964 
95i 
96( 

a70 

- 
B 
- 

- 
D 

__ 
239 
24E 
241 
243 
244 
245 

247 

249 
251 
251 

255 
255 
256 
257 
259 

260 
262 
263 
264 
266 

267 
269 
270 
27 I 
273 

274 
276 
277 
279 
290 
281 
283 
2R4 
286 
287 
289 
290 
291 
293 
295 
29f 
29f 
29s 
301 
30; 
304 
30t 
3Oi 
308 
31( 
311 
31: 
314 
31f 
Mi 
31! 
32( 
32: 
32' 
32! 

248 

__ 
B 
- 

__ 
A A 

91411 
91308 
91205 
91 103 
91001 
9os99 

80798 
80606 
80595 
80494 
90394 

80203 
90193 
90093 
8W94 
89894 

89i05 
e9696 
89597 
89499 
89401 

89303 
89205 
89107 
89010 
88013 

8R616 
88719 
85623 
a526 
W430 
R5334 
88219 
88143 
8x048 
87953 
87858 
87784 
87669 
87575 
87481 
87387 
87294 
87201 
87107 
87015 
86022 
80829 
86737 
86645 
86553 
86461 
66370 
86278 
86187 
88088 

859815 
86825 
85734 
8.5644 

d6ca 

- 
A 

A 

I75644 
85555 
85465 
85376 
852116 
85197 

85109 
85020 
84931 
84843 
84755 

84667 
84579 
84492 
84404 
84317 

84230 
84143 
84056 
83970 
83884 

83797 
83711 
83626 
83540 
83455 

83309 

83199 
83114 
83030 
82945 
82861 
82777 
82693 
82rn 
82526 
82442 
82359 
82276 
82193 
82110 
82027 
81945 
81863 
81780 
8 1698 
81617 
81535 
81453 
81372 
81281 

81129 
81048 
80907 
80887 
80807 
80727 
80817 
80567 

83285 

812111 

A A A 

425 
426 
428 
430 
432 
434 

436 
437 
439 
441 
443 

444 
446 
448 
450 
452 

464 
455 
457 
459 
461 

463 
465 
467 
468 
470 

472 
474 
476 
478 
480 
JR2 
483 
485 
487 
489 
491 
493 
495 
497 
499 
601 
MI3 
MI4 
606 
608 
510 
612 
514 
616 
618 
620 
622 
624 
626 
628 
630 
632 
634 
696 
698 

no567 
80467 
80407 
80328 
sw49 
80170 

80091 
80012 
79933 
79855 
7977; 

79698 
79020 
78542 
19465 
793% 

i9309 
79232 
79155 
79078 
iWI 

78924 
78847 
78771 
78694 
78618 

7e512 
78466 
78380 
783 15 
78239 
78104 
78088 
7R013 
77938 
77863 
77788 
77714 
77639 
77605 
774981 
77417 
77343 
77269 
77195 
77122 
77048 
78975 
76902 
76828 
76766 
76883 

76537 
76465 
78393 
78320 
76248 
76176 
76105 
76033 

786111 

538 
540 
542 
514 
516 
548 

650 
552 
664 
656 
658 

660 
562 
664 
566 
668 

670 
173 
5i5 
617 
573 

68 I 
683 
6@S 
687 
589 

591 
593 
596 
198 
600 
602 
604 
606 
608 
610 
612 
616 
617 
619 
621 
623 
626 
627 
630 
632 
634 
636 
638 
641 
643 
645 
647 
649 
662 
654 
6&6 
668 
660 
663 
666 

76033 
75981 
75990 
75319 
75747 
r A r 6  

75605 
75534 
75464 
75393 
75322 

75252 

75112 
75042 
74972 

74902 
74832 
74763 
74693 
i467.4 

745.55 
74486 
74417 
74348 
7427Y 

74210 
i4142 
74073 
74005 

73869 
i3FOl 
73733 
73665 
73507 
73530 
23162 
,3305 
73328 
73260 
73193 
73127 
73080 
72083 
72828 
72880 
7z94 
72727 
72661 
72595 
72528 
72463 
72397 
72332 
72260 
72201 
72135 
72070 
72005 
71940 

31 - 

751x2 

73937 

665 
667 
669 
672 
674 
676 

678 
680 
683 
685 
687 

690 
692 
694 
696 
699 

701 
503 
706 

710 

712 
716 
717 
719 
722 

721 
726 
729 
731 
733 
736 
738 
740 
743 
745 
747 
750 
752 
756 
757 
769 
762 
764 
766 
769 
171 
774 
776 
779 
781 
783 
786 
788 
791 
793 
196 
798 
800 
803 
805 

708 

21940 
I I875 
71810 
71746 
716'31 
71616 

71552 
71488 
71423 
71359 
71295 

71231 
71167 
71104 
7 I040 
70976 

70913 
70S50 
70786 
io723 
7W60 

70597 
m534 
70471 

10346 

!OB4 
,on1 
70159 
io097 
70034 
69972 
68810 
69849 
69787 
69726 
69664 
68602 
69511 
69479 
69418 
69357 
69298 
69235 
69174 
69113 
68053 
0991 
08931 
88871 
68811 
08750 
888w 

88570 

1 4 5 c  
0391  
0331 
08271 
68211 

20409 

e1363a 

05ia 

- 
A 

98076 
97057 
97837 
97717 
07508 
97480 

97381 
97243 
97126 
97008 
86891 

96774 
96G58 
90542 
80426 
96310 

96195 
96080 
95986 
95951 
95737 

95824 
95510 
95397 
95235 
95172 

95060 
94948 
94836 
94725 
94614 
94503 
94393 
9493 
94173 
04063 
93954 
93845 
93736 
93628 
93519 
83411 
93304 
93196 
93089 
92962 
93876 
W 6 9  
92663 
92668 
92452 
92347 
92242 
92137 

91938 
91824 
91720 
91617 
91514 
91411 

~2032 

- 
A 

325 
326 
3 9  
330 
331 
333 

334 
336 
337 
399 
341 

342 
344 
346 
847 
349 

350 
352 
353 
355 
357 

358 
360 
362 
363 
365 

366 
368 
370 
371 
373 
375 
376 
378 
380 
381 
383 
385 
387 
388 
390 
392 
393 
396 
397 
399 
400 
402 
404 
405 
407 
409 
411 
412 
414 
416 
418 
419 
421 
423 
425 

B 
- 

A B A B A B 

173*W 112ow 170°00' 169°(10' 



184 

Table 9.-Line of position table--Continued 
WHEN LHA (E OR W) IS GREATER THAN 90'. TAKE "H" FROM BOTTOM OF TABLE 

- 

- 
Bo 
59 
58 
57 
56 
55 

54 
53 
52 
51 
50 

49 
48 
47 
46 
45 

44 
43 
42 
41 
40 

39 
38 
37 
36 
35 

34 
33 
32 
31 
30 

29 
28 
27 
26 
25 

24 
23 
22 
21 
20 
19 
18 
17 
18 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 
0 - 

- 

- 

- 
0 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

18 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
28 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
64 
55 
56 
67 
Ea 
b9 
60 - 

c 

12000' 13'00' 14O00'  16'00' 
- 

B 

- 
B 

- 
B 

~ 

B 
- 
D 

_. 

D 
- 

A 

- 
A 

- 
A 

- 
A 

__ 
A 

__ 
A 

88212 
881 53 
88083 
m 3 4  
67975 
67910 

67u57 
67798 
67739 
67881 
675B 

67563 
a7505 
67447 
67388 
67330 

67272 
67214 
67 1.56 
67098 
67040 

06932 
65925 
66867 
66810 
66752 

66695 
66638 
66580 
66523 
66466 

66409 
Gfi352 
66286 
66239 
66182 

88126 
66069 
6GO13 
65957 
65800 
65844 

85732 
65676 
65620 
65561 
05509 
65453 
65398 
85342 
65287 
65231 
65178 
65121 
65066 
65011 
64958 
63901 
64846 
64791 

85788 

960 

966 
968 
970 
973 

976 
978 
981 
9R4 
987 

989 
992 
995 
997 

1000 

1003 
1006 
1008 
loll 
1014 

1017 
1020 
1022 
1025 
1028 

1031 
1033 
1036 
1039 
1042 

1045 
1047 
1050 
1053 
1056 

1059 
1061 
1064 
1067 
1070 
1073 
1076 
1079 
1081 
1084 
1087 
1090 
1093 
1096 
1099 
1101 
1104 
1107 
1110 
1113 
1116 
1119 
1122 
1125 
1128 

962 
64791 
64736 
64882 
64627 
645i3 
64518 

64164 
04410 
64356 

64248 

M104 
64140 
&(OR8 
64032 
63978 

63925 
63871 
63918 
63764 
63ill 

63658 
63605 
63551 
63498 
63445 

63392 
62340 
63287 
63234 
83181 

~ 3 n 2  

63im 

e3024 
63076 

62971 
6m19 

62867 
62815 
62763 
627 I 1  
6265P 
62007 
62555 
62503 
62451 
62400 
62348 
62296 
62245 
02194 
62142 

82040 
51989 
61938 
618R7 
6 1836 
61785 
61734 
61R83 
61632 

6m91 

llzR 
1130 
1133 
1136 
1139 
1142 

1145 
1148 
1151 
1164 
1157 

1160 
1163 
1166 
1169 
1172 

1175 
1178 
IlPl 
11R4 
1187 

1190 
1193 
1196 
1199 

1205 

1211 
1214 
1217 

1220 
1220 
1226 
1229 
1232 

1235 
1238 
1211 
1244 
1247 
1250 
1253 
1237 
1260 
1263 
1266 
1269 
1272 
1275 
1278 
1281 
1284 
1288 
1291 
1294 
1297 
1300 
1303 
1306 
1310 

1202 

izn8 

a1632 
61582 
61531 
61481 

61380 

61330 
61279 
61229 
61179 
61128 

61079 
81029 
80979 
60829 
60879 

80830 
60780 
60730 
60681 
60631 

60533 
60483 
60434 
60385 

60336 

60238 

60140 

6009 1 
60042 
59984 
59945 
59888 

50848 
59800 
59751 
59703 
59654 
59606 
59558 
59510 
59462 
59414 
59360 
59318 
59270 
59222 
59175 
59127 
59079 
50032 
53984 
58937 
58889 
W 4 2  
68765 
58748 
68700 

n i a o  

1jn582 

~ n z s 7  

finla9 

1310 
1313 
1316 
1319 
1322 
13% 

1329 
1312 
1335 
13% 
1341 

1314 
1348 
1351 
1354 
1357 

lam 
135d 
1361 
1370 
1373 

1377 
1380 
1383 
1396 
1390 

1393 
1396 
1399 
1403 
1406 

1409 
1412 
1416 
1419 
1422 

1425 
1429 
1432 
1435 
1439 
1442 
1445 
1419 
1452 
1455 
1459 
1462 
1465 
1469 
1472 
1475 
1479 
1482 
1485 
1489 
1492 
1495 
1499 
1502 
1506 

58700 
58653 
m 
58559 
88512 
58485 

58418 
58372 
5U325 
58278 
68232 

58185 
58138 
58092 
.5&Wa 
57999 

57053 
57907 
67860 
571114 
57768 

57722 
57676 
57630 
5i584 
57538 

57493 
57447 
57401 
s735fi 
57310 

57265 
57219 
57 I74 
57128 
57083 

570:18 
56992 
56947 

56857 
56812 
56767 
56722 
5fifi77 
56632 
55588 
56543 
5049R 
56454 
58409 
5(130<5 
56320 
56270 
5623 1 
66187 
56143 
56089 
58054 
56010 
5 5 w  

56902 

1506 
1509 
1512 
1616 
1519 
1525 

1526 
1529 
1633 
1536 
1540 

1543 
1546 
1550 
1553 
1557 

1660 
1564 
1567 
1571 
1574 

1578 
1581 
1584 
1588 
1591 

1595 
1598 

1605 
1609 

1612 
1616 
1619 
1623 
1627 

1630 
1634 
1637 
1641 
1644 
1618 
1651 
1655 
1658 
1662 
1665 
1669 
lfi73 
1676 
1680 
1693 
1687 
1691 
1694 

1701 
1705 
1709 
1712 
1716 

i ~ n z  

iwn 

55886 
55922 
55878 
5.w4 
55780 
55746 

55703 
55659 
5.5616 
55572 
55528 

55484 
55441 
55397 
55354 
55311 

55267 
55224 
55181 
55138 
55085 

55051 
55008 
54965 
54922 
54880 

511137 
54794 
54751 
54708 
51666 

51628 
54581 
54538 
54496 
54453 

54411 
54368 
54326 
54284 
54242 

54157 
54115 
54073 
54031 
53989 
53'14 7 
53805 
s 3 w  
53822 
53780 
53738 
53697 
53855 
53614 
53572 
53531 
53489 
53448 
53408 

Mia9 

1716 
1719 
1723 
1727 
1730 
1734 

1738 
1741 
1745 
1749 
1762 

1756 
1760 
1763 
1767 
1771 

17i4 
1778 
1782 
1785 
1789 

1793 
1796 
1RM) 
in04 
iaon 
1811 
1R1S 
1819 
1823 
1826 

i ~ 3 n  
1831 
1R37 
1841 
1845 

1849 
1853 
1856 
1860 
1861 
1R6R 
1371 
1875 
1879 
1883 
1887 
1R90 
1994 
1898 
1902 
lM6 
1910 
1913 
1917 
1921 
1925 
1929 
1933 
1936 
1940 

53406 
63306 
53324 
53283 
5324 1 
53200 

.a159 
53118 
53n77 
53036 
52985 

52854 
52914 
52873 
52832 
52791 

52751 
52710 
5%70 
52629 
52.588 

52548 
52508 
52467 
52427 
52387 

52346 
52300 
52260 
52226 
52186 

$2146 
52106 
52nGG 
52026 
51986 

51946 
51906 
51867 
51827 
51787 
51747 
51iOS 
51063 
51029 
51589 
51550 
51510 
51471 
51432 
51392 
51353 
51314 
51275 
51238 
51197 
51158 
51119 
51080 
51041 
51002 

1940 
1944 
1948 
1952 
1956 
1960 

1964 
1967 
1971 
1976 
1979 

1983 
1987 
1991 
1995 
1999 

2003 
2007 
2010 
2014 
2018 

2022 
2026 
2030 
2031 
2038 

2042 
2046 
2050 
2054 
2058 

2062 
2066 
2070 
20i4 
2078 

2082 
2086 
2090 
2091 
2098 
2102 
2106 
2110 
2114 
2118 
2122 
2126 

2134 
2138 
2143 
2147 
21151 
2165 
2159 
2163 
2167 
2171 
2175 
2179 

2130 

- 
D A 

- 
B 
- 

A 
- 

B 
- 

A 
- 

B A 
- 

B 
_. 

A 
__ 

B 
- 

A 

167°00' 166"00' 165°00' 166'00' 163000' 



Table 9.-Line of position table-Continued 
ALWAYS TAKE "Z" FROM BOTTOM OF TABLE. EXCEPT WHEN "K" 19 8AME NAME AND 

GREATER THAN LATITUDE. IN WHICH CASE TAKE "Z" FROM TOP OF TABLE - 

- 
i0 
59 
jX 
57 
18 
55 

54 
53 
52 
51 
50 

49 
48 
47 
48 
45 

44 
43 
42 
41 
40 

39 
38 
37 
38 
35 

34 
33 
32 
31 
30 
29 
28 
27 
28 
25 
24 
23 
22 
21 
20 
19 
18 
17 
18 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
- 

- 

c 

c 

0 
I 
2 
3 
4 
5 

e 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
2.5 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
38 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
65 
54 
65 
MI 
67 
Ea 
59 
60 - 

c 

22000' 18000' - 
A 

23"OO' 
- 

B 
- 
3597 
3603 
3608 
3613 
3619 
3624 

368f1 
3635 
3640 
3646 
3651 

3657 
3662 
3667 
3703 
367E 

3681 
3689 
3695 
370C 
3706 

3711 
371€ 
372: 
3721 
373: 

3731 
374: 
374! 
3751 
3761 
3761 
3771 
377' 
378: 
3781 
379. 
379' 
380, 
3811 
381 
382 
3821 
383 
383 
384 
384 
385 
3861 
386 
387 
387 
3% 
3R8 
389 
339 
390 
391 
891 
392 
392 
- 
I) 
- 

~ 

U 

__ 
I3 

__ 
2701 
2706 
2711 
2715 
2720 
2724 

2729 
2734 
2738 
2743 
2748 

2752 
2757 
2761 
2706 
2771 

2775 
2780 
2785 
2789 
2794 

2799 
2804 

2813 
2818 

2822 
2827 
2832 
2836 
2841 
2846 
2851 
2855 
2860 
2865 
2870 
2874 
2979 
2884 
2889 
2893 
2898 
2903 
2908 
2913 
2917 
2922 
2927 
2932 
2936 
2941 
2946 
2951 
2956 
2901 
2966 

2975 
2980 
2985 

2808 

29711 

__ 
B 

- 
B 
- 
3283 
3285 
3294 
3299 
3304 
3309 

3314 
3319 
3324 
3329 
3335 

3340 
3346 
3356 
3355 
3360 

3366 
3371 
3378 
3351 
3386 

3391 
3397 
3402 
3507 
3412 

3418 
3423 
3428 
3433 
3438 
3444 
3449 
3454 
3469 
3465 
3470 
3475 
3480 
3136 
3491 
3496 
3502 
3507 
3512 
3517 
3523 
3528 
3533 
3539 
3544 
3549 
3555 
3560 
3565 
3571 
3576 

3587 
3592 
3597 

3581 

- 
FJ 
- 

- 
D 
- 
2179 
2183 
2188 
2192 
2196 
2200 

2204 
220x 
2212 
2216 
2221 

2225 
2229 
2233 
2237 
2241 

2246 
2250 
2254 
2258 
2262 

R266 
227 1 
2275 
2279 
2283 

2237 
2292 
2296 
2300 
2306 
2309 
2313 
2317 
2321 
2325 
2330 
2334 
2338 
2343 
6347 
2351 
2355 
2360 
2364 
2368 
2372 
2377 
2331 
2.988 
2390 
2394 
2398 
2403 
2407 
2411 
2416 
2420 
2424 
2429 
2453 - 
B - 

__ 
A A' 

.- - 
41,595 
46560 
46525 
46491 
46456 
46122 

46397 
46353 
4G318 
40284 
46249 

46215 
401P.1 
40148 
46112 
46078 

46043 
It3409 
45975 
45941 
45007 

458i3 
45839 
45805 
45771 
45737 

45703 
4586R 
45tiJ5 
45601 
45587 
45531 
45500 
45468 
45433 
45399 
45305 
45332 
45299 
45285 
45231 
45198 
45104 
45131 
45097 
4sw4 
45031 
44997 
44UG4 
41901 
44898 
44864 
44831 
44798 
44765 
4 4732 
44698 
44tiGG 
44633 
44600 
44567 
__ 

A 

A 
- 
44567 
41534 
44501 
44468 
44436 
44403 

443i0 
44337 
44303 
44272 
44239 

44207 
44174 
44142 
44109 
44077 

41044 
44012 
43979 
43947 
43914 

43882 
43850 
t3818 
.:3785 
43753 

43721 
43689 
43857 
43024 
43592 
43580 
43528 
43495 
43464 
43432 
43400 
43389 
43337 
43305 
43273 
43241 
43210 
43178 
43140 
43114 
43083 
43051 

42988 
42950 
42925 
42893 
42802 
42830 
42789 
42765 
42730 

42674 
42642 

43020 

42705 

A A €3 
- 
2985 
2990 
2994 
2999 
3004 
3003 

3014 
3019 
3024 
3029 
3033 

3038 
3043 
3048 
3053 
3058 

3063 
3068 
3073 
3078 
3083 

3088 
3092 
3097 
3102 
3107 

3112 
3117 
3122 
3127 
3132 
3137 
3142 
3147 
3152 
3157 
j1g2 
3167 
3172 
3177 
31A2 
3187 
3192 
3197 
3262 
3207 
3212 
3217 
3222 
3227 
3233 
3238 
3243 
3248 
3253 
3268 
32631 
3268 
3273 
3278 
3283 
- 

B 
- 

42042 
42c11 
42580 
42549 
42918 
42486 

42455 
42424 
42393 
42362 
42331 

42300 
42269 
42238 
422Q7 
42178 

42145 
42115 
4Xw4 
4 2 w  
42022 

41991 
419c.1 
41930 
41899 
418G9 

4183R 
41808 
41777 
41748 
41716 
41685 
41655 
41825 
41594 
41564 
41533 
41503 
41473 
41443 
41412 
41382 
41352 
41322 
41291 
41261 
41231 
41201 
41171 
41111 
41111 
41081 
41051 
41021 
40991 
40081 
40931 
40902 
40x72 
403 I2 
40x12 
__ 

A 
- 

40812 

40753 
40723 
40693 
40884 

40634 
40604 
40575 
40.545 
40516 

40488 
40457 
40427 
40399 
40368 

40339 
40310 
40280 
40251 
40222 

40192 
40103 
40134 
40105 
40076 

40046 
40017 
39988 
39959 
39930 
39901 
39872 
39843 
39814 
39785 
39756 
39727 
3989X 
39869 
39841 
39012 
39583 
39554 
39525 
39497 
39405 
3043Y 
3114 1 1 
x1582 
39353 
39325 
39?90 
30288 
39230 
30211 

39154 
39125 
39007 
39w>5 

40792 

391nz 

51002 
WU83 
m 2 4  
508H5 
Ml846 
m 0 8  

50789 
50730 
5ffi02 
50653 
50815 

50576 
50538 
50499 
50401 
60423 

50385 
50340 
50208 

50232 

50194 
50156 
50117 
50080 
50042 

50004 
49988 
49928 
49890 
49852 
49815 
40777 
4973R 
49702 
49664 
49828 
49589 
49561 
49514 
49477 
49430 
49402 
49365 
49327 
49290 
49283 
492 I 6 
49179 
49141 
49104 
48007 
49030 
48993 
49957 
48920 

30270 

48736 
48699 
48662 
48620 
48589 
48553 

4x518 
48480 
48443 
4840; 
48371 

483.34 
48298 
48202 
484225 
48189 

4x153 
48117 
48091 
49015 
4R00!+ 

4i973 
47037 
47901 
45605 
47829 

47793 

47i22 
4i686 
47650 
47G15 
47579 
47544 
47508 
47472 
47437 
47402 
47388 
47331 
47295 
47280 
47x25 
47189 
47154 
47119 
47084 
47049 
47014 
48978 
46943 
46QMI 
48873 
48839 
46804 
40709 
46734 
40689 
46004 
48830 
48595 

477511 

2433 
2137 
2442 
2446 
2450 
2155 

2459 
2463 
2468 
2472 
2477 

2481 
2185 
2490 
2.194 
2499 

2.503 
2507 
2512 
2516 
2521 

2.525 
2530 
%34 
2539 
2543 

2547 
2552 
2556 
2561 
2565 
2570 
2574 
2579 
2583 
2588 
2592 
2597 
2601 
2606 
2610 
2615 
2619 
2624 
2628 
2633 
2637 
2642 
264fi 
2651 
2650 
2660 
2fi65 
2689 
2674 
2678 
2683 
2688 
2692 
2697 
2701 
- 
B - 

48883 
48846 
4BBw 
48772 
48i36 

A A 
- 

A - 
157'00' 156'00' 16O"OO' 159"OO' 15S"OO' 



186 

3961 
3966 
3972 
3878 
3983 

U. 8. COAST AND GEODETIC SURVEY 

37243 
37216 
3il89 
37162 
37135 

Table 9.--Line of position table-Continued 

WHEN LHA (E OR W) IS GREATER THAN SOo. TAKE "K" FROM BOTTOM OF TABLE 

3989 
3995 
4000 
4006 
4012 

4017 
4023 
4029 
4035 
4040 

- 
# 

- 
0 
1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
a3 
24 
25 

26 n 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
w 
51 
52 
53 
54 
66 
MI 
57 
58 
69 
60 - 

- 

37108 
17081 
37055 
37028 
37001 

36974 
36948 
36921 
36894 
36867 

A 

4046 
4052 
4050 
4063 
4069 

4075 
4080 
4086 
4092 
4098 

4103 
4109 
4115 
4121 
4127 

38069 
39040 
39012 
38984 
38955 
38827 

381199 
38871 
38842 
38814 
38786 

38758 
38730 
38702 
38674 
38645 

38617 
38589 
38501 
38533 
38500 

38478 
38450 
38422 
38394 
38366 

38338 
38311 
3R2& 
38255 
38227 

38"l 
38172 
38144 
38117 
38089 

38061 
38034 
38006 
37979 
37851 
37924 
37896 
37869 
37841 
37814 
37786 
37759 
37732 
37704 
37677 
37650 
37623 
37585 
37568 
37541 
37514 
37486 
37459 
37432 
37405 - 
A 

36841 
36814 
36787 
36761 
36734 

36708 
36081 
36655 
38028 
36602 

3G575 
36.549 
36522 
36496 
36469 

-- E l  A 

4132 
4138 

4150 
4165 
4161 
4167 
4173 
4179 
4185 

4144 

3927 37406 

3944 37324 
3949 37297 

I E 

36443 
36417 

36364 
36338 
38311 
36285 
36259 
36233 
36206 

36890 

3956 I 37270 

4220 
4225 
4231 
4237 
4243 
4249 

36050 
36024 
35998 
35972 
35946 
35920 

B 
- 
4272 
427s 
4284 
4290 
4296 
4302 

4308 
4314 
4320 
4326 
4332 

1337 
4343 
4349 
4355 
4361 

4367 
4373 
4379 
4386 
4391 

4397 
4403 
4409 
4415 
4421 

4421 
4433 
4439 
4445 
4451 

4457 
4463 
4469 
4475 
4481 

4487 
4493 
4499 
4506 
4512 
4518 
4524 
4530 
4536 
4542 
4548 
4554 
4560 
4566 
4573 
4579 
4685 
4591 
4597 
4603 
4609 
4615 
4622 
4628 
4634 - 
E 

26'00' 

A 

35816 
35790 
35'164 
35738 
35712 
35686 

35661 
35635 
35609 
35583 
35558 

35532 
35506 
35481 
35455 
35429 

35404 
35378 
35353 
35327 
35302 

35276 
35251 
35225 
3 5 m  
35174 

35149 
35123 
3509b 
35073 
35047 

35022 
34987 
34971 
34946 
34921 

34896 
34870 
34845 
34820 
14795 
34770 
34744 
34719 
34694 
34669 
34644 
34619 
34594 
34569 
34544 
34519 
34494 
34469 
34445 
34420 
34395 
34370 
34345 
31320 
34295 - 

A 

153'00' 

- 
B 
- 
4634 
4640 
4646 
4651 
4659 
4665 

4671 
4677 
4683 
4690 
4696 

4702 
4708 
4714 
4721 
4727 

4733 
473Y 
4746 
4752 
4758 

4764 
4771 
4777 
4783 
4789 

4796 
4802 
4808 
4815 
4821 

4827 
4833 
4840 
4846 
4852 

4859 
4865 
4871 
4878 
4884 
4%90 
4897 
4903 
4910 
4916 
4922 
4929 
4935 
4941 
4948 
4954 
4961 
4967 
4973 
4980 
4986 
4993 
4999 
5005 
5012 

B 

A 
- 
34295 
34270 
34246 
34221 
34196 
34172 

34147 
34122 
34097 
34073 
34048 

34024 
33999 
33974 
33850 
3&25 

33801 
33876 
33852 
33827 
33803 

33779 
337.54 
33730 
33705 
33681 

33657 
8632 
33608 
33584 
33559 

33535 
33511 
33437 
33462 
33438 

33414 
33390 
33366 
33342 
33318 
33293 
33269 
33245 
33221 
33197 
33 173 
33149 
33125 
33101 
33077 
33054 
33030 
33006 
32882 
32958 
32934 
32910 
32887 
32863 
32839 

A 

- 
B 
- 
5012 
5618 
50% 
5031 
5038 
5044 

5051 
5061 
5064 
5010 
6076 

5083 
5089 
5096 
5102 
5109 

5115 
5122 
5128 
5135 
5112 

5148 
5155 
5161 
5168 
5174 

5181 
5187 
5194 
5200 
5247 

5214 
5220 
5227 
5233 
5240 

5247 
5253 
5260 
5266 
5273 
5280 
3287 
5293 
6300 
5306 
5313 
5320 
5326 
5333 
5340 
5346 
5353 
5360 
5366 
5373 
5aO 
5386 
5393 
5400 
5406 
- 

B 

152°00' 

#A 
__ 
32839 
32815 
32782 
32768 
32744 

32697 
32673 
32649 
32625 
32692 

32579 
32555 
32532 
32508 
32484 

32461 
32438 
32414 
32391 
32367 

32344 
32320 

32260 

32227 
3220 L 
32180 
32157 
32134 

32110 
32097 
32084 
32041 
320s 

31994 
31971 
31948 
31925 
31802 
31879 
31856 
31833 
31808 
31786 
31763 
31740 
31717 
31694 
31672 
31648 
31626 
31 GO3 
31580 
31557 
31534 
3,511 
3148R 
31466 
31443 

32720 

2%; 

- 
A 

- 
B 

5406 
5413 
6420 
5426 
5433 
6440 

5447 
5454 
5460 
5467 
5474 

5481 
5487 
5494 
5501 
5508 

5515 
5521 
5528 
5535 
5542 

5549 
8555 
6562 
6669 
5576 

5583 
5590 
6596 
5603 
5610 

5.017 
5624 
5631 
5638 
6645 

5651 
5658 
5666 
5672 
5679 
5686 
5693 
5700 
5707 
5114 
6720 
5727 
5734 
5741 
5748 
5755 
5762 
5769 
5776 
5783 
5790 
5797 
5R04 
5811 
5818 
- 
J3 

151°00' 

29,000' 

A 
- 
31443 
31420 
31397 
31375 
31352 
31329 

31306 
31% 
312131 
31238 
31216 

31193 
31170 
3114R 
31125 
311W 

31080 
31058 
31035 
31013 
SOB80 

30888 
30845 
30923 
30900 
30878 

30856 
30853 
30811 
30783 
30768 

30744 
30721 
30899 
30677 
30655 

30632 
30610 
30588 
30566 
30544 
30521 
30499 
90477 
30455 
30433 
36411 
30369 
30367 
80345 
3032 
30300 
30278 
30256 
30235 
30213 
30191 
30169 
30147 
30125 
30103 - 

A 

- 
B 

6818 
5826 
5832 
6833 
.5846 
5853 

M)60 
5867 
5874 
5881 
5886 

a95 
6902 
6909 
5917 
6924 

6931 
5938 
5945 
5952 
5959 

5966 
5973 
5980 
5488 
59% 

6002 
6009 
6016 
6023 
6030 

6038 
6045 
6052 
6059 
6066 

6073 
6080 
6088 
6095 
6102 
6109 
6116 
6124 
6131 
6138 
6145 
6153 
6160 
6167 
6174 
6181 
6189 
6196 
6203 
6210 
6218 
G2W 
6232 
6240 
6247 - 
B 

15C~00' 

- 

- 
do 
59 
58 
57 
56 
55 

54 
53 
52 
51 
bo 

49 
48 
47 
46 
45 

44 
43 
42 
41 
40 

39 
38 
37 
a6 
35 

34 
33 
32 
31 
30 

29 

n 
20 
25 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
0 
8 
7 
6 
6 
4 
8 
2 
1 
0 

m 

- 
* 
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Table 9.-Line of Dosition table-Continued 
ALWAYS TAKE '*Z** FROM BOTTOM OPTABLE. EXCEPT WHEN "I(** IS SAME NAME AND 

GREATER THAN LATITUDE, IN WHICH CASE TAKE '2" FROM L m F  TABLE - 
# 

- 
0 
1 
2 
3 
4 
6 

6 
7 
8 
9 

1u 

11 
12 
13 
I4 
15 

I6 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
29 s 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
&I 
61 
52 
63 
M 
61 
66 
67 
68 
69 
60 - 

8 

- 

30°00' 

-4 
- 
30103 
Mxwl 
30059 
30037 
30016 
28894 

29972 
29950 
29928 
29907 
28885 

29863 
29841 
29820 
29798 
29776 

29765 
29733 
29711 
20390 
28868 

29847 
20625 
28804 
29582 
28560 

29539 
29517 
29480 
20475 

29432 
29410 
29389 
29367 
29346 

294q3 

E# 
29282 
29261 
29239 
29218 
29197 
29175 
29154 
29133 
29112 
28081 
29089 
18048 
18027 
2ww)6 
28085 
28964 
28812 

28m 
28879 
28868 
28837 
28816 

zag21 

B 
- 
6247 
6254 
6262 
6269 
6276 
6234 

6291 
6298 
6306 
6313 
6320 

6328 
6335 
6342 
6350 
6 357 

6364 
6372 
6379 
6386 
63D4 

6401 
6409 
6416 
6423 
6431 

64.3 
6446 
64Q 
6461 
6468 
6475 
6483 
6490 
6498 
6506 
6513 
6520 
6628 
6636 
6543 
6550 
6558 
6666 
6573 
6580 
6588 
6695 
6603 
6610 
6618 
66% 
6633 
6640 
6648 
6666 
6663 
6671 
6678 
6686 
660s 

A - 
149'00' 

B - 

3ID00' 

A 
- 
28816 
28795 
26774 
28753 
28732 
28711 

28680 
28669 
28648 
28627 
28608 

28586 
28565 
28544 
28523 
28502 

28481 
28461 
28440 
28418 
28398 

28378 
28857 
28336 
283 15 
28295 

28274 
28,253 
28233 
28212 
28191 
28171 
28150 
28130 
28108 
28089 
28058 
28047 

28008 
27986 
27965 
27945 
27025 
27804 
27884 
27883 
27843 
27823 

27781 
27761 
27741 
27721 
27701 

27660 
27640 
27619 

27578 

A 

%on 

27802 

neao 

n 5 w  

- 

146.00' 

- 
B 
- 
6693 
6701 
6709 
6716 
6724 
6731 

6739 
6747 
6754 
6762 
6770 

6777 
6785 
6791 
6890 
6808 

6815 
6823 
6831 
6839 
6846 

6854 
6862 
6869 
6877 
6885 

6893 
6900 
6908 
6916 
6923 
693 I 
6939 
6947 
6954 
6962 
6970 
6978 
6985 
6993 
7001 
7009 
7017 
7024 
7032 
1040 
7U48 
7056 
7064 
1071 
7079 
1087 
lo96 
7103 
7111 
1118 
1126 
7134 
7142 
7160 
I 1 9  - 
B - 

32'00' 

A 
- 
27579 
27559 
n539 
27518 
27498 
27478 

27438 
27418 
27398 
27377 

27357 

27317 
27297 

27458 

n337 

27277 

27257 
27237 
27217 
?7%97 
27177 

27157 
27137 
27117 
27098 
27078 

27058 
27038 
27018 
26998 
26978 
26958 
26938 
26819 
26588 
26876 
268M 
2664C 
2682C 
268M 
26781 
26761 
2674 I 
2672: 
2870: m: 
26801 
2864: 
26621 
26604 
26584 
2656: 
2664! 
28524 
2BMn 
2&(M 

2040; 
2644: 
26421 
264M 
2638( - 

A 

- 
B 
- 
i19 
7166 
7174 
7182 

7197 

7206 
7213 
7221 
7229 
7237 

7245 
1253 
7261 
7269 
7277 

7281 
7293 
7301 
1309 
7317 

7325 
73.33 
1341 
7349 
1367 

7365 
7373 
7381 

nso 

3; 
7405 
7413 
1421 
7429 
1437 
1445 
7453 
1462 
7470 
1418 
7486 
7494 
1502 
1510 
7618 
7626 
1636 
7643 
7561 
7659 
7687 
7675 
1684 
1692 
7806 
1608 
7616 
7626 
7633 
I641 - 
B 

147'00' 

33000' 

A - 
26389 
26370 
26350 
26331 
26311 
26292 

26270 
28253 
26234 
28214 
28195 

28176 
26157 
26137 
28118 
28088 

2RMO 
28041 
26022 
26002 

25983 
25964 
25945 
25926 
25807 

25887 
25um 
15849 
25830 
25811 
25792 
25773 
25754 
25735 
25716 
25R97 
25678 
25659 
25640 
25621 
25802 
25583 
25564 
25545 
25526 
25507 
25488 
25469 
25451 
25432 
25413 
26381 
23376 
25356 
25338 
26319 
25600 

25203 
1244 

a8079 

ami  

- 
A 

- 
B - 
7641 
1649 
7657 
7666 
7674 
1682 

7690 
7698 
7797 
7715 
7123 

7731 
1740 
7748 
1756 
7764 

7773 
7781 
1789 
7798 
7806 

7814 
7823 
7831 
7839 
7818 

7856 
7864 
7873 
1881 
7889 
7898 
7906 
7914 
7923 
7931 
7940 
7948 
1956 
7966 
7973 
1982 
7990 
7998 
8001 
8015 
8024 
8032 
8941 
8049 
8058 
8066 
8076 
8083 
8091 
8100 
8108 
8111 
8126 
8134 
8143 

B 

- 

146OW 

54000' 

A 
- 
25244 
25225 
26208 
25188 
25169 
25150 

25132 
25113 
25094 
25076 
25057 

25038 
25020 
25001 
24983 

24940 
24927 
24809 
24880 
24872 

24853 
24835 
24816 
24798 
24779 

24711 
24742 
24724 
24708 
24tN7 
24669 
24660 
24632 
24614 
24595 
2457.7 
24559 
24540 
24522 
24504 
24486 
24417 
24449 
24431 
24413 
24395 
24376 
24358 
24340 
24322 
24304 
24286 
24267 
24249 
24231 
24213 
24195 
24177 
24 159 
24141 

mw 

- 
A 

- 
B 
- 
8143 
8151 
A160 
8168 
8177 
8185 

8194 
8201 
8211 
8219 
8228 

8237 
8245 
8254 
8262 

8280 
8288 
8297 
8306 
8314 

&923 
8331 
8340 
8349 
8357 

8366 
8375 
8383 
a92 
8401 
8409 
8418 
8427 
8435 
8444 
8453 
8461 
A470 
8479 
8488 
8496 
8506 
8614 
8623 
8651 
8540 
8649 
e5iw 
R561 
e575 
6584 
859s 
8602 
8611 
8619 
8628 
8637 
8646 
8665 
8663 

ani 

- 
B 

1 4 5 O 0 0 '  

35000' 

A 
- 
24141 
241 23 
24105 
24087 
24089 
24051 

24033 
24015 
23997 
23979 
23961 

23943 
23925 
23807 
23889 
23871 

23854 
23936 
23818 
23800 
23781 

23764 
23747 
23728 
23711 
23693 

23675 
23658 

Tjsn 
1603 
23581 
23568 
23551 
23534 
2351t 
23496 
23481 
23463 
2344f 
23426 
2341( 
23391 
2337: 
233% 
2334( 
233E 
2330! 
232@ 
2327( 
2325: 
2323: 
2321L 
23m 
2318: 
2316: 
23141 
23131 
2311: 
23091 
23071 

23640 

- 
A 

- 
B - 
8663 
8672 
8631 
8690 
8699 
8708 

8717 
8i26 
8734 
8743 
87112 

8761 
8779 
8779 
8788 
8797 

8806 
8815 
8824 
8853 
8842 

3R5O 
8859 
8868 
8877 
8886 

8895 
8904 
8913 
A922 
8931 
8940 
8949 
8958 
8967 
8976 
8986 
8995 
9004 
9013 
9022 
9031 
9040 
9049 
9058 
9067 
9076 
0085 
9094 
9104 
9113 
9122 
9131 
9140 
9149 
9158 
9168 
9177 
9186 
9195 
9204 
- 
B 

1U000' 

- 
lo 
59 
58 
57 
H) 
I6 1 

54 
53 
52 
51 
50 

I8 
17 
M 
46 

44 
I3 
I2 
I1 
40 

30 
38 
37 
36 
36 

31 
33 
32 

30 
28 
28 

28 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
I4 
13 
I2 
11 
10 
0 
8 
I 
6 
6 
4 
3 
2 
1 
0 

Io 

ai 

27 

- 
, 

- 
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Table 9.-Line of position table-Continued 
WHEN LHA (E OR W) IS GREATER THAN 90'. TAKE "K" FROM BOTTOM OF TABLE 

- 
0 
B 
18 
t7 
d 
15 

;4 s 
i2 
il 
io 

I9 
I8 
I7 
16 
I5 

14 
13 
I2 
I1 
LO 

39 
38 
37 
36 
35 

34 
33 
32 
31 
30 

29 
28 
27 
26 
25 

24 
27 
22 
21 
20 
19 
18 
17 
I 6  
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 - 

- 

- 

- 
0 
1 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
58 
57 
b8 
59 
60 - 

- 

39ow 40O00' 41OW' 37000' 36'00' - 
B 

- 
n 

- 
B 

- 
B 
- 
2222 
2233 
2244 
2255 
2266 
2271 

2288 
2299 
2310 
2321 
2332 

12343 
12354 
1236 
I2376 
12387 

12398 
12410 
12421 
12432 
12443 

12454 
12465 
12476 
12487 
12499 

12510 
12521 
12532 
12543 
12554 

12566 
12577 
I 388 
12599 
12610 

12622 
12633 
12641 
12665 
12667 
12618 
12689 
12700 
12711 
12723 
12734 
12745 
12757 
12768 
12779 
12790 
12802 
12813 

12836 
12847 
12859 
12870 
12881 
12893 

12824 

- 
B 
- 
9204 
9213 
9223 
9232 
924 1 
9250 

9259 
9269 
9278 
9287 
9296 

9305 
9315 
9324 
9333 
9342 

9352 
9361 
9370 
93R0 
9389 

9398 
9407 
9417 
9426 
9435 

9445 
9454 
9463 
9473 
9482 

9492 
9501 
9510 

9529 

9538 
9548 
9557 
9566 
9576 
9685 
9595 
9604 
9614 
9623 
9632 
9642 
9651 
9661 
9670 
9680 
9689 
9699 
9708 
9718 
9727 
9737 
9746 
9756 
9765 

9.520 

- 
B 

- 
A 

- 
A 

- 
A A - 

23078 
23061 
23043 
23020 
23008 
22991 

22971 
22957 
22939 
22922 
22905 

22887 

22853 
22836 
22818 

22801 
22784 
22767 
2275U 
22732 

22715 
22698 
22681 
22664 
22647 

22630 
22612 
22595 
22578 
22561 

22544 
22527 

22493 
22476 

22459 
22442 
22425 
22408 
22391 
m 7 4  
22357 
22340 
22323 
22306 
22289 
22272 
22256 
22239 
22222 
22205 
22188 
22171 
22154 
22188 
22121 
22104 
22087 
22070 
22054 

22870 

225 in  

A A 

22054 
22037 
22020 
m. 
21987 
21970 

21953 
21937 
21920 
21903 
21w; 

21853 
21837 

21803 

21787 
21770 
21754 
21737 
21720 

21704 
21687 
21671 
21654 
21G38 

21621 
21605 
21588 
21572 
21555 

21539 
21522 
21506 

21473 

21457 
21440 
21424 
21407 
21391 
21375 
21358 
21342 
21326 
21309 
21283 
21277 
21260 
21244 
21228 
21212 
21195 
21179 
211F3 
21147 
21131 
21114 
21098 
21082 
21066 

~1870 

21820 

21489 

9765 
9775 
9784 
9794 
9803 
9813 

9822 
9832 
9843 
9851 
9861 

9870 

9889 
9899 
9909 

9918 
9928 
9937 
9947 
9957 

9966 
9976 
9986 
9995 

10005 

10015 
10024 
10034 
10044 
10053 

10063 
10073 
10082 
10092 
10102 

10112 
10121 
10131 
10141 
10151 
10160 
10150 
10180 
10190 
10199 
10209 
10219 
10229 
10239 
10248 
10258 
10268 
10278 
10288 
10298 
15307 
10317 
10327 
10337 
10347 

9880 

21M6 
21060 
21033 
21017 
21001 
20985 

20969 
20953 
20937 
20921 
20905 

208R8 
MR72 
20856 
20840 
20824 

20808 
20792 
20776 
20760 
20744 

20728 
20712 
20696 
206PQ 
20668 

2 W 9  
20633 
20617 
2M01 
20585 

M569 
20553 
20537 
20522 
20506 

20490 
20474 
20458 
20442 
20427 
20411 
20395 
20379 
20361 
20348 
20332 
203 16 
20301 
20285 
20269 
20254 
20238 
20222 
20207 
20191 
20175 
20 160 
20144 
20128 
20113 

10347 
10357 
10367 
10376 
10386 
10396 

10406 
1M16 
10426 
10436 
10446 

10456 
10466 
10476 
10486 
10496 

10505 
10515 
10525 
10535 
10545 

10555 
105C5 
10575 
1051t5 
10595 

10605 
10615 
10625 
10635 
10646 

10G6 
10666 
10676 
10696 
10696 

10706 
10716 
10726 
10736 
10746 
10756 
10767 
10777 
10787 
10797 
10807 
10817 
10827 
10838 
10848 
10858 
10888 
10878 
10888 
10899 
10909 
10919 
10929 
10939 
10950 

20113 
2ooR7 
20082 
2006(1 
20050 
20035 

20019 
20004 
19988 
19973 
19957 

19942 
19926 
199!1 
19895 
19880 

19EG4 
19849 
19834 
19818 
39803 

19787 
19772 
19756 
19741 
19726 

19710 
19695 
19680 
19664 
19649 

19834 

:;!A; 
19588 
19572 

19657 
19541 
19527 
19511 
19496 
19481 
19466 
19450 
19435 
10420 
19405 
19390 
19375 
19359 
19344 
19329 
19314 
10299 
19284 
19269 
19253 
19238 
19223 
19208 
19193 

10950 
10960 
10970 
10980 
10991 
I1001 

11011 
11021 
11032 
11042 
11052 

11063 
11073 
I1083 
11094 
11104 

Ill14 
11124 
11135 
11145 
11156 

11166 
11176 
11187 
11197 
11207 

11218 
11228 
11239 
11249 
11259 

11270 
11280 
11291 
11301 
11311 

11322 
11332 
11343 
11353 
11364 
11374 
11385 
11395 
11406 
11416 
11427 
11437 
11448 
11458 
11469 
11479 
11490 
11501 
11511 
11522 
11532 
11543 
11553 
11564 
11575 
- 
B 

19193 
19158 
19163 
19148 
19133 
19118 

19103 
19088 
19073 
19058 
19043 

1'9028 
19013 
18998 
18983 
189611 

18953 
18939 
18924 
18909 
18894 

18879 
18864 
18849 
18834 
188m 

1R806 
187fK 
19775 
1876C 
1874E 

18791 
18711 
18701 
lawe 
18872 

18855 
18641 
188n 
18813 
18591 
18582 
1856E 
18554 
1853E 
1852f 
1851( 
1M9l 
18481 
38466 
18451 
1843; 
1842: 
1840f 
18392 
18375 
1833 
1834: 
1833. 
1&72( 
in30f 
__ 

A 

1575 
1585 
1596 
1606 
1617 
1623 

11638 
11649 
11660 
11670 
11681 

11692 
I1702 
11713 
11724 
11734 

11'145 
I1756 
11766 
11777 
11788 

11799 
11800 
11820 
11831 
11842 

11852 
11863 
11874 
11885 
11895 

11906 
11917 
11928 
11939 
11949 

11960 
11971 
11982 
11993 
12004 
12014 
12025 
12036 
12047 
12058 
12069 
12080 
12091 
12102 
12112 
12123 
12134 
12145 
12156 
12167 
12178 
12189 
12200 
12211 
12222 
- 

B 

19306 
18281 
18277 
18262 
18243 
18233 

18219 
18204 
18190 
18175 
18161 

18146 
18132 
18117 
18103 
18089 

18074 
18060 
18045 
18031 
18017 

lROO? 
17988 
1i974 
17959 
17945 

17931 
17916 
17002 
178% 
17873 

17858 
17845 
17831 
17816 
17LW 

1776 
17774 
1776C 
1774: 
17731 
17717 
17703 
1768€ 
17674 
17W 
l7iUf 
1783: 
1761€ 
17604 
175s 
1757! 
17561 
1754; 
1753: 
17511 
17.540: 
17491 
1741; 
174C: 
1744( 
- 

A n 
- 

A B A B A B A 

138000' 139'00' 141°00' 140"W 143'00' 142'00' 
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0 
1 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
28 
30 
31 
32 
3.1 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4 8  
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

189 

- 
A 

c- 

17449 
17435 
17421 
17407 
17393 
17379 

17365 
17351 
17337 
17323 
17308 

17285 
17281 
17287 
17263 
17239 

17225 
17212 
17188 
17184 
17170 

17156 
17142 
17128 
17114 
17101 

17087 
17073 
17059 
17946 
17032 
17018 
17CW 
1 6 W  
16977 
16963 
16949 
16935 
1892" 
l6eoB 
18894 
16880 
1fM7 
16853 
18839 
16826 
16812 
16798 
1671 
16771 
16757 
16744 
16730 
16717 
16703 
16689 
16676 
16662 
16649 
16635 
16622 

-- 
A 

Table 9.-Line of position table- Continued 
ALWAYS TAKE "2" FROM BOTTOM OF TABLE, EXCEPT WHEN "K" IS SAME NAME AND 

GREATER THAN LATITUDE. I N  WHICH CASE TAKE "Z" FROM Lm TABLE 

- 
u) 
$9 
58 
17 
w 
55 

I( 
53 
52 
51 
Io 

19 
48 
17 
46 
15 

$4 
43 
La 
4 1  
40 

39 
38 
37 
36 
35 

34 
33 
32 
31 
30 
29 
28 
27 
28 
25 
24 
23 
22 
21 
20 
19 
IS 
17 

15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

ia 

- 

-. 

43"W 44000' 45000' 46'00' 47OOo' 
- 
B 

__ 
13587 
13599 
13611 
13623 
13654 
13646 

13668 
13670 
13682 
13694 
137OS 

13717 
13729 
13741 
13763 
13765 

13777 
15789 
19890 
13812 
13824 

13836 
13848 
13860 
13872 
13884 

13896 
13wB 
13920 
13932 
13944 
13956 
13968 
13980 
13992 
14004 
14016 
14028 
14040 
14052 
lloM 
14076 
1IoRB 
14130 
14112 
14124 
14136 
14149 
14161 
14153 
14185 
14197 
14209 
14221 
14233 
14246 
15258 
14270 
14292 
14294 
14307 

- 
B 

__ 
14307 
14319 
14331 
14343 
14356 
14368 

143Ro 
14392 
14404 
14417 
14429 

14441 
14463 
14466 
14478 
14490 

14503 
15615 
14627 
14540 
l4W 

14664 
14577 
14689 
11601 
14614 

I4626 
14639 
14651 
14663 
14676 
14689 
14701 
14713 
14726 
147.W 
l47bo 
14763 
14775 
14788 
l4eW 
ire13 
ire25 
14fW 
14850 
14P63 
14878 
l(8811 
14900 
14913 
11925 
1493P 
14951 
14963 
14976 
14988 
15001 
15014 
15026 
160.19 
15051 

- 
B 

- 
B 

- 
B 
- 
16622 
16635 
16649 
16662 
16676 
16689 

16703 
16717 
16730 
16744 
16767 

16771 
16785 
16798 
16812 

16859 
16853 
16867 
16880 
16894 

16908 
169922 
16935 
16949 
16963 

16977 
16990 
17004 

17032 
17045 
17059 
17073 
17091 
17101 
17114 
17128 
17142 
17156 
17170 
17184 
17198 
17212 
17Z!3 
17233 
17263 
17267 
17281 
17295 
17303 
17322 
17337 
17351 
17365 
17379 
173% 
17401 
17421 
17433 
17449 

16826 

noin  

- 
B 

__ 

- 
A 

- 
A 

__ 
15823 
15810 
15707 
15784 
15771 
15758 

15744 
15731 
15718 
15705 
15697, 

15679 
15688 
15663 
15640 
15627 

16614 
15602 
11689 
15576 
15563 

15550 
15537 
15524 
15511 
15498 

154R5 
15472 
154K9 
16447 
15434 
15421 
lMC% 
15395 
157U2 
15370 
15357 
15344 
153N 
15318 
15306 
15293 
15280 
15267 
15255 
15242 
15229 
15216 
15204 
15191 
15178 
1.5165 
15153 
15140 
15127 
15115 
15101 
15089 
15077 
15064 
150.51 

- 
A 

__ 
15051 
15039 
15MB 
15014 
15001 
14988 

14976 
1496X3 
14951 
14938 
14925 

14913 
14900 
148138 
14875 
14- 

14860 
14838 
14825 
14813 
14800 

14788 
14775 
14767 
14750 
14738 

14725 
14713 
14701 
l4MIp 
14676 
14663 

14639 
14626 
14614 
14601 

14564 
14552 
l4NO 
14527 
1451.5 
14.W 

14478 
l44M 
14453 
14441 
14420 
14417 
14404 
14392 
14.780 
14368 
14355 
14343 
14331 
14319 
14307 

i4gsi 

:% 

i44m 

~ 

A 

- 
A 

~ 

13597 
13575 
13584 
13552 
13540 
13528 

13517 
13505 
13493 
13481 
13470 

13458 
13446 
13435 
13423 
13411 

13400 
13388 
13376 
13365 
13353 

13341 
13330 
13318 
13306 
13295 

13283 
13272 
13260 
13248 
13237 
13221i 
13214 
13202 
13191 
13170 
13188 
13156 
131U 
13133 
13121 
13110 
13068 
13087 

13064 
13053 
13011 
13030 
13018 
13007 
12985 
129M 
12972 
12061 
12850 
12838 
12827 
12915 
12904 
12893 

13075 

- 
A 

~ 

B 

12893 
12904 
12915 
12927 
12938 
12950 

12961 
12972 
12984 
12995 
13007 

13018 
13030 
13041 
13053 
13064 

15076 
13087 
13098 
13110 
13121 

131.33 
13144 
13156 
13168 
13179 

13191 
13202 
13214 
13226 
13737 
13248 
13260 
13272 
13283 
13295 
1 .w 
13318 
13330 
133.11 
13353 
15965 
13376 
13388 
13400 
13i11 
13423 
13436 
13446 
13458 
13470 
13481 
13493 
13505 
13517 
13528 
13640 
13552 
13664 
15575 
15687 

16622 
1BRo8 
16595 
16581 
16567 
165'54 

16540 
16527 
16513 
16500 
16437 

16473 
16460 
16446 
16433 
16419 

16408 
16392 
16379 
16366 
16352 

16339 
16325 
16312 
16298 
16285 

16272 
16259 
16245 
10232 
16210 
16206 
18193 
16179 
161M 
16152 
16139 
16126 
16112 
18088 
16086 
16073 
18060 
16046 
16033 
18020 
16007 
15994 
15980 
15967 
15054 
15941 
15928 
15915 
15801 
15888 
15875 
15962 
1.5849 
15336 
1 N123 

15051 
15064 
15077 
15069 
16102 
15115 

15127 
15140 
15153 
1514 
15178 

15191 

15216 
15229 
15242 

15265 
lK267 

15293 
15506 

16318 
15331 
15344 
16357 
15370 

15382 
15395 
15409 
15421 
164.34 
I5447 
15459 
15472 
164% 
15498 
15511 
15524 
15697 
15654 
1.5563 
15676 
15689 
15602 
15614 
15621 
15640 
15653 
15666 
15679 
15692 
15705 
15718 
15731 
16744 
16758 
lh771 
15784 
15797 
15810 
15.823 

15204 

i6mo 

14307 
14294 
14282 
14270 
14258 
14246 

14233 
14221 
14209 
14197 
14185 

14173 
14161 
14 149 
14136 
14124 

14112 
14100 
1 4 M  
14076 
14064 

14052 
14040 
14028 
14016 
l 4 W  

13992 
13980 
13968 
13956 
13944 
13932 
1392C 
13808 
13893 
1- 

13890 
13808 
13838 
13824 
13812 
13800 
13789 
13777 
13765 
13753 
13741 
13729 
13717 
13705 
13694 
13682 
13670 
13658 
13640 
13634 
13623 
13611 
135W 
13587 

i w a  

15823 
15836 
15849 
15862 
15875 
15888 

15901 
15915 
15928 
15941 
15964 

15967 
15980 
15994 
16007 

1W33 
16046 
16060 
16073 
16086 

16099 
16112 
16126 
16139 
16152 

16166 
16179 
16192 
16205 
16219 
16232 
16245 

16272 
16% 
16299 
16312 
16325 
16339 
16352 
16366 
16379 
16392 
16406 
16419 
16433 
16446 
16460 
16473 
16487 
16500 
16513 
16527 
16640 
16554 
16567 
16581 
16595 
16608 
16622 

imm 

16m9 

B 
- 

A 
__ 

U A 
- 

B 
___ 

A 
___ 

B 
~ 

h B 
__ 

132"oo' 1 3 6 O 0 0 '  135'00' 134°00' 133WJ' 



190 

A B  

9i65 
9756 
9746 
9737 
9727. 
9718 

____ 
22051 
22070 
22087 
22104 
22121 
22138 

o 
1 
2 
3 
4 
6 

c-- 

12883 174.49 
12881 17463 
12870 17177 
12859 17491 
12S7 17605 
l!2836 17619 

970s 

gwm 

96W 
9ns9 

9670 

9661 
9651 
9M2 
9632 
9623 

9614 
9604 
9595 
95n5 
9576 

R5M 
9557 
9548 
9.538 
9528 

9520 

9491 
9482 

9473 
9463 
9454 
9445 
9435 

a510 
osni 

22154 

22205 

22171 
22188 

22222 

22239 
22256 
22272 
22289 
22306 

22923 
22340 
22357 
22374 
22391 

22108 
22425 
22442 
22459 
22476 

22193 

2254.4 
22561 

2257R 
22595 
22612 
22QO 
a647 

2 1 0  zzsn 

6 
7 

9 
10 

I1 
12 
13 
I4 
16 

a 
128% 17533 
12813 17542 

127W 17676 
12779 17590 

12768 17604 
12757 17618 
12745 15632 
12734 17646 
12723 17660 

12802 17561 

16 
17 
18 
19 
20 

21 
22 
2a 
24 
25 

12711 17674 
l27W 17689 
12689 17703 
12878 17il7 
1m 17731 

12655 17745 
12644 17760 
12633 17774 
12822 17788 
12810 17802 

26 
27 

29 
a0 

31 
32 
33 
84 
35 

36 
37 
38 
3Q 

m 
1269(1 17816 
12588 17831 

12566 17859 
12554 17873 

12.543 178813 
I2532 17902 
12521 17916 
12510 17931 
12499 17946 

12487 17959 
12476 17974 
12465 17988 
124.54 18002 

i m 7  1 7 ~ 5  

9426 
9417 
9407 
9398 
9389' 

22664 
2.2681 
22698 
22715 
221.12 40 

4 1  
42 
43 
44 
45 

.~. 
12445 ieon 
12432 18031 
12421 18045 
l24lO 18060 
12398 18074 
12397 18089 

51 
52 
63 
M 
5h 
56 
67 

69 
60 

w 

12321 18175 
12310 18190 
12299 18204 
12288 18219 
12277 18733 
12286 18248 
12255 18262 

12233 18291 
12222 18306 

12244 inn7  

9287 
9278 
9269 
9259 

22922 
22939 
22957 
22974 

9250 
9241 
9232 
9223 
9213 
9204 - 
A ,  

22991 
23009 
23026 
2.3043 
23061 
23078 
-- 
B 

Table 9.-Line of position table-Continued 
WHEN LRA (E OR W) 19 GREATER THAN SOo. TAKE "K" FROM BOTTOM OF TABLE 

- 
io 
>9 
13 
>7 
16 
Ki 

,4 
u 
,2 
11 
io 

19 
18 
17 
IG 
I S  

14 
13 
12 
11 
19 
39 
38 
l i  
lll 
35 

34 
33 
12 
31 

28 
tR 
27 
26 
25 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

3n 

- 

- 

51OM)' 53000' 5P00' 
- 

B 

- 
B 
- 
19193 
19208 
19223 
192% 
197.53 
19269 

19284 
19299 
19314 
19329 
19344 

19359 
19375 
19390 
19405 
19420 

19436 
19450 
19466 
19.181 
194% 

19511 
19521 
19542 
19557 
19572 

19588 
19603 
19614 
19634 
19649 

19664 
19680 
19696 
19710 
19726 

19741 
19756 
19772 
19787 
19R03 
19818 
19834 
19849 
19864 
19880 
19895 
19911 
19926 
19941 
19951 
19978 
19988 
m4 
20019 
20035 
20050 
20066 
20082 
20097 
20111 
__ 

B 
- 

__ 
B 

- 
B 
- 
21066 
21082 
21098 
21114 
21131 
21147 

21163 
21179 
21195 
21212 
21228 

21244 
21260 
21277 
21293 
21309 

21326 
21342 
21358 
2!375 
21391 

21407 
21424 
21440 
21457 
21473 

21499 
21666 
21522 
21539 
211155 

21572 
21588 
21605 
21621 
21638 

21654 
21671 
21687 
21704 
21720 
21731 
21754 
21770 
21787 
21803 
2182d 
21837 
21853 
2187(1 
21887 
21903 
2192d 
21937 
21953 
21970 
219R7 
22003 

22037 
22054 

z m a  

~ 

B 

I - 
A 
- 
11575 
11564 
11553 
11543 
11532 
11.522 

11511 
11501 

11 479 
11469 

114.58 
11448 
11437 
11427 
11416 

11406 
11395 
11385 
11374 
11364 

11353 
11343 
11332 
11322 
11311 

11!m 
11280 
11270 

11249 
11239 
11228 
11218 
1120; 

11197 
11187 
11176 
11166 
11156 
11145 
11135 
11124 
11114 
11104 
11094 
11043 
11073 
lloB.3 
11052 
11042 
11032 
11021 
11011 
11001 
10991 
l09so 

l09cO 
10950 

11480 

113111 

m a  

10970 

- 
A 

~ 

A A 
__ 
10347 
la337 
1032f 
10317 
10307 
10298 

102M 
10278 
10268 
In258 
10248 

10.239 
1022R 
10219 
10209 
10190 

ioim 
in180 
10170 
10160 
10151 

10141 
in131 
10121 
10112 
10102 

10082 
10082 
10073 
10063 
10053 

10044 
10034 
10024 
10015 
10005 

9995 
9986 

9966 
9957 
9047 
9937 
9928 

8908 

9889 
8880 
9870 
9gGl 
985 1 
9541 

9822 
9813 
9803 
9794 
9751 
9775 
9765 

m76 

wia 
as9u 

gma 

A 1 . 1 .  
12222 
12211 
lnn0 
12189 
12178 
12167 

12158 
12145 
12134 

12112 

12102 
12091 
12080 
12069 
1m 

1 m 7  
12036 
12025 
12011 
12004 

11Q93 
11882 
11971 
11860 
ll9l9 

11939 

11917 
llm6 
11895 

11885 

11852 
11842 

11831 
11820 

31799 
11788 
11777 
11766 
11756 
11745 
11734 
11724 
11713 
11702 
11692 
11681 
11670 
11660 
11649 
11638 
11628 
11617 
1 laas 
11596 
11685 
115?5 

121m 

i 19m 

;%! 

mne 

18306 

18336 
I8349 
18364 
18378 

18408 
18422 

18451 

18466 
184R1 
18495 
18510 
18525 

18539 
18K54 
18569 
18583 
18596 

18613 
18621 
18642 
18657 
18612 

18686 
18701 
18716 
18731 
18746 

18760 
18775 
18796 
18806 

18834 
18849 
18864 
18879 
18894 
18909 
18924 
18939 
18953 
18968 
18983 
18998 
19013 
19029 
19043 
1YOM 
19073 
190861 
19103 
19118 
19133 
19148 
19163 
19178 
19193 

18320 

in393 

in431 

18820 

10950 

10828 
10919 
logoQ 

10888 
10878 
10869 
1WS 
10848 

IOBaS 
10827 
10817 
10807 
10797 

1G787 
10777 
10767 
10758 
10746 

107% 
10716 
10706 
10696 

10686 
10676 
106M 
30656 
10646 

I0635 
10625 
10615 
10605 
10595 

10939 

io8m 

10736 

10585 
10575 
10565 
10655 
10545 
10535 

10515 
10505 
10486 
10488 
10476 
10486 
10456 
10446 
10436 
lWZg 
10416 
10406 
10396 
10380 

10367 

10347 

10525 

10376 

la357 

__ 
A 

20113 
20128 

20175 
XI91 

m i u  
20160 

m207 

m m  
20285 

2034~ 

20379 

20411 
20427 

20442 

20222 
202% 
20254 

20301 
20316 
20332 

20364 

20395 

m4M 
20474 
20496 
20506 

20522 

20553 
20569 
20585 

20617 
20633 

20665 

m 9 6  
20712 
20724 

20760 
3776 
20792 
2oRO8 
20324 

20856 

20888 
2oBoE 

20537 

20601 

20649 

mmo 

20744 

m84a 

20872 

20921 
20937 
20953 
20969 
20985 
21001 
21017 
21033 
21050 
210GG 

93Ro 22750 

9361 22784 
9370 22767 

9352 22801 
9342 I P e l 9  
a333 
9324 
9315 
9305 
9296 

A B B A 

126"OO' 129000' 127°00 
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7592 
7584 
7575 
7567 
7559 

7551 
7543 
7535 
7526 
7618 

7510 
7.502 
7484 
7486 
7478 

7470 
7462 
7453 
7445 
7437 

191 

26506 
26826 
26545 
26565 
26584 

26604 
26fi23 
26643 
26663 
26682 

26702 
26722 
26741 
26761 
26781 

26800 
26820 
2040 
26860 
26879 

Table 9.-Line of position table--Continued 
ALWAYS TAKE "Z" FROM BOTTOM OF TABLE. EXCEPT WHEN "E" IS SAME NAME AND 

GREATER THAN LATITUDE. IN WHICH CASE TAKE *'Z" FROM Lm TABLE 

7428 
7421 
7413 
7405 
7387 

- 

- 
0 
1 
2 
3 
4 
5 

6 
7 
8 
8 

10 

11 
12 
13 
14 
15 

16 
I7 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
38 
40 
41 
42 
43 
44 
46 
46 
47 
48 
48 
50 
61 
52 
63 
54 
55 
56 
67 
ba 
69 
80 - 

? 

- 

26899 
26919 
26939 
26968 
26978 

7389 
7331 
7373 
7365 
7357 

26998 
27018 
27038 
27058 
27078 

73.11 
7333 
7326 
7317 

f i l i i  
27137 
27157 
27177 

7309 
7301 
7293 
72a5 
7277 

27197 
27217 
27257 
272.~7 
27277 

7289 
7261 
7253 
7245 

27297 
27317 
27337 
27357 

7220 
7221 
7213 
7205 
7187 

27398 
27418 
27438 
27458 
2747U 

57ow MI' 59' 64%' W"00' 
- 
B 
- 
23078 
23095 
Z?113 
23130 
23148 
23165 

23183 
23200 
23218 
23235 
23252 

23270 
23288 
23305 
23323, 
23340 

23358 
23375 
23393 

23428 

23446 
23463 
23481 
2349.9 
2116 

23514 
23551 
23569 
231587 
23605 
23622 
23640 
23658 
23675 
23693 
23711 
23729 
23747 
23764 
23782 
23800 
23818 
23836 
23854 
2387 1 
23.989 
23907 

23odJ 
23961 
25978 
23997 
24016 
24033 
24051 
24069 
24087 
24105 
24123 
24141 

B 

a w o  

23925 

- 

- 
B 
- 
26244 
25263 
25281 
25300 
25319 
25338 

25356 
25375 
25394 
25413 
25432 

25451 
25469 
25488 
25507 
25526 

25545 
25564 
25583 
25602 
25621 

25610 
25669 
25678 
25697 
25716 

25735 
25764 

26792 
250811 
m50 
211849 
zsE6a 
25887 
25907 
26926 
2694 

25983 
26002 
26022 
26041 
26060 
26079 
26099 
26118 
26137 
26157 
26176 
261% 
26214 
26234 
26w 
26273 
26292 
26311 
26331 
26350 

25773 

26964 

26510 
msa9 
- 

B 

A 
- 
8204 
9195 
9186 
9177 
9168 
9158 

8148 
8140 
9131 
9122 
9113 

9102 

9085 
9076 

9058 
8049 
9040 
9031 

9094 

9067 

9022 

9nll 
9004 
8995 
R985 
8976 

8967 
8958 
8949 
8840 
8931 
8922 
8913 
8904 
8885 
8886 
8877 
8868 
8858 
88s 
8842 
8873 
8824 
8915 
8808 
8797 
8788 
8779 
8770 
8761 
8752 
R743 
8734 
R726 
8717 
8708 
8689 
8890 
8681 
8672 
8883 - 
A 

h 
- 

RR63 
8655 
8646 
8637 
8628 
8619 

8611 
RfiO2 
8593 
8584 
8575 

8567 
8558 
8548 
8,540 
8531 

85n 

a505 
8514 

8496 
8488 

8479 
8470 
8461 
8453 
8444 

8435 
8427 
8418 
8409 
8401 
8392 
8183 
8375 
6368 
8357 
8349 
8340 
8331 
8323 
8314 
8305 
8297 
8288 
8280 
8271 
8262 
8254 
8245 
8237 
8228 
8219 
8211 
8202 
81B4 
818.5 
8177 
8168 
8160 
8151 
8143 - 
A 

B 
- 
24141 
24159 
24177 
24195 
24213 
24231 

24249 
24267 

24304 
24322 

24340 
24358 
24376 
21396 
24413 

24431 
24149 
24467 
24486 
24504 

24522 
24540 
24559 
24577 
24596 

24614 
2463Z 
24660 
24669 
24687 
24706 
24721 
24742 
24761 

24798 
2481% 
2483s 
24w 
24872 
24890 
24909 
24927 
24946 
24964 
24w 
25001 

2M)M 
2!%67 
25076 

26113 
26131 
25150 
25169 
261M 
25206 
267x8 
25244 

24ax 

In9 

=om 

1094 

- 
B 
- 

A 
- 
8143 
8134 
8125 
8117 
R 1 0 8  
8100 

R092 
8093 
3075 
8066 
8058 

5049 
804 I 
8032 
8024 
8015 

7990 

8007 
7999 

7982 
7973 

7965 
7056 
7948 
7940 
7931 

7823 
7914 
7908 
78QR 
7889 
7881 
7873 
7064 
7856 
7M8 
7839 

7821 
7814 
7806 
7788 
7788 
7781 
7773 
7764 
7756 
7748 
7740 
7731 
7723 
7715 
7707 
7688 
76W 
7682 
7674 
7666 
7657 
7649 
7641 

mi 

A 
- 

2641 
rm3 
7624 
7616 
7606 
7600 

B 
__ 
26389 
26409 
26428 
26447 
26467 
26486 

A 
- 
7158 
71.50 
7142 
7134 
7 116 
7118 

7111 
i103 
7095 
70F7 
7079 

7071 
7064 
7056 
7048 
7040 

7032 
7024 
7017 
7009 
7001 

6993 
6985 
6978 
6870 
6Q62 

0854 
8947 
6938 
6831 
6823 
6816 
6808 
6900 
8882 
8885 
6877 
8889 
8882 
6854 
6846 
6838 
W1 
BR23 
6815 
8808 
6800 
6792 
6785 
6777 
6770 
6762 
6754 
6747 
6738 
6731 
6724 
6716 
6709 

8883 
ami 

- 
A 

B 
- 
27579 
27699 
27619 
27640 

27680 

27701 
27721 
27741 
27761 
27781 

27802 
27823 
27843 
27863 
27881 

27904 
27925 
27945 
27965 
27986 

28006 

28047 
28068 
28089 

28109 
28130 
28160 

28191 
28212 
28233 
28253 
28274 
28296 

28336 
28367 
28378 
28398 
28419 

28461 
28481 

28523 
28644 
2.8665 
28686 
28607 
28621 
28648 

28690 
28711 
28751 
28765 
28754 

28816 

n~60 

aan 

mi71 

28315 

muo 

28502 

a1669 

mmi 
- 
B 

A 

6693 
66% 
6678 
8671 
6663 
6655' 

6648 
6640 
6633 
6625 
6618 

6810 
6603 
6595 
6588 
6530 

6573 
6565 
6568 
6550 
6543 

6535 
6528 
65% 
6515 
6505 

6488 
6480 
6483 
6475 
e468 
6460 
6453 
6446 
6438 
6431 
6423 
6116 
6409 
8401 
6394 
6386 
6379 
6372 
6364 
6357 
6348 
6342 
6335 
6327 
6320 

6305 
6298 
6291 
6283 
6276 
6268 
6261 
6254 
C247 

a113 

B 
- 
W 1 6  
a8837 
28858 
w 7 9  
LE900 
28921 

28942 
2.964 
28985 
29006 
29027 

29048 
29069 
29091 
29112 
29133 

29154 
29175 
29197 
29218 
29239 

29261 
29282 
29303 
29325 
29346 

29367 
29389 
29410 
29432 
29453 
29475 
29496 
29617 
29539 
29660 
29682 
29604 
29625 
29647 
29668 
2190 
29711 
29733 
29755 
29776 
29798 
29820 
29841 
29863 
298811 
29907 
29929 
29950 
29972 
29994 
30015 
30037 
30059 
30081 
30103 

- 
Bo 
58 
58 
57 
56 
55 

54 
53 
52 
51 
50 

48 
43 
47 
46 
45 

44 
43 
*2 
41 
40 

38 
38 
37 
36 
35 

34 
33 
32 
31 
30 
29 
28 

26 
26 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
IO 
8 
8 
7 
6 
5 
4 
3 
2 
1 
0 

n 

- 

- 

7348 I 27098 

7190 
7lR2 

27498 
27618 . ~.~ 

7174 
7166 
7158 

27639 
27559 
27579 

A - 
n 
- 

A 

120~00' 121000' 123000' l240W 122000' 
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Table 9.-Line of position table-Continued 
WHEN LHA (E OR W) 19 GREATER THAN goo. TAKE "E" FROM BOTTOM OF TABLE - 

- 
80 
59 
58 
57 
56 
55 

54 
53 
52 
51 
50 

49 
48 
47 
46 
45 

44 
43 
42 
41 
40 

39 
38 
37 
36 
35 

34 
33 
32 
31 
30 

29 
28 
27 
26 
25 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
I 1  
10 
9 
8 
7 
6 
b 
4 
3 
2 
1 
0 - 

- 

- 

- 
0 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

I1 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

20 
2i 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
w 
61 
52 
63 
M 
55 
68 
57 
58 
68 
Bo - 

- 

60'00' 61'00' 62OM)' 66O00' 64'00' 63'00' 
- 
B 

- 
B 

- 
B 
- 
31443 
31466 
31488 
31511 
31534 
31557 

31580 
31603 
31626 
31649 
31672 

31694 
31717 
31740 
31763 
31786 

31809 
31833 
31856 
31879 
31902 

31925 
31948 
31971 
31994 
32018 

32041 
32064 
32087 
12110 
32134 

32157 
32180 
32204 
32227 
32250 

32214 
32297 
32320 
32344 
32367 
32391 
32414 
32438 
32461 
32484 
32508 
32532 
32555 
32579 
32602 
32625 
32649 
32673 
32697 
32720 
32744 
32768 
32792 
32815 
32839 

- 
B 

~ 

32839 
32863 

32910 
32934 
32958 

32982 
33006 
33030 
33054 
33077 

33101 
33126 
33149 
33173 
33197 

33221 
33245 
33269 
33293 

33342 
33366 
33390 
33414 
33438 

33462 
33487 
33511 
33535 
33559 

33584 
33608 
33632 
33657 
33681 

33705 
33730 
33754 
33779 
33803 
33827 
33852 
33876 
33901 
33925 

33974 
33999 
34024 
34048 
34073 
34091 
34122 
34141 
34172 
34196 
34221 
34246 
34270 
34295 

32887 

33318 

339511 

- 
B 
- 
34295 
34320 
34345 
34370 
34395 

34444 
34469 
34494 
34519 
34544 

34569 
34594 
34619 
34644 
34669 

34694 
34719 
34744 
34770 
34795 

34820 
34845 
91870 
34896 
34921 

34946 
34971 
34997 
35022 
35047 

35073 
35098 
35123 
35149 
35174 

35200 
35225 
35251 
35276 
35302 
35327 
35353 
35378 
35404 
35429 
35455 
35481 
35506 
35532 
35558 
355113 
36609 
35635 
35661 
35686 
36712 
35738 
36764 
35790 
35816 

34420 

- 
B 

- 
B 
- 
35816 
35842 
35R68 
35894 
35920 
35946 

35972 
35998 
36024 
36050 
36076 

36102 
36128 
36154 
36180 
36206 

36233 
36259 
36286 
36311 
36338 

36364 
36390 
36417 
36443 
36469 

36496 
36522 
36549 
36575 
36602 

36628 
36655 
36681 
36708 
36734 

36761 
36787 
36814 
36n41 
36867 
36894 
36921 
36948 
36974 
37001 
37028 
37055 

37108 
37135 
37162 
37189 
37216 
37243 
37270 
37297 
37324 
37351 
37378 
37405 

37081 

- 
B 

- 
A A A A 

- 
5012 
5005 
4999 
4993 
4986 
4880 

4973 
4967 
4961 
4954 
4943 

494 1 
4935 
4929 
4922 
4910 

4910 
4903 
4897 
4890 
4 w  

4878 
4871 
4805 
4859 
4852 

4846 
4840 
4833 
4827 
4821 

4815 
4808 
4802 
4796 
4789 

4783 
4777 
4771 
4764 
4758 
4752 
4746 
4739 
4733 
4727 
4721 
4714 
4708 
4702 
4696 
4690 
4883 
4077 
4671 
4665 
4659 
4652 
4646 
4840 
4834 
- 

A 

A 
- 
4634 
4628 
4622 
4615 
4609 
4603 

4597 
4591 
4585 
4579 
4573 

4566 
4560 
4554 
4548 
4542 

4536 
4530 
4524 
4518 
4512 

4508 
4500 
4493 
4487 
4481 

4475 
4409 
4463 
4457 
4451 

4445 
4439 
4433 
4421 
4421 

4415 
4409 
4403 
4397 
4391 
4385 
4379 
4373 
4367 
4361 
4355 
4349 
4343 
4337 
4332 
4326 
4320 
4314 
4303 
4302 
4286 
4280 
4284 
4278 
4272 
- 

A 

A 

4272 
4266 
4261 
4255 
4249 
4243 

4237 
4231 
4226 
4220 
4214 

4208 
4202 
4106 
4190 
4185 

4179 
4173 
4167 
4161 
4155 

4150 
4144 
4138 
4132 
4127 

4121 
4115 
4100 
4103 
4098 

4092 
4086 
4080 
4075 
4089 

4083 
4057 
4052 
4046 

4035 
4029 
4023 
4017 
4012 
4OOG 
4000 
3995 
3989 
3983 
3978 
3972 
3966 
3961 
3955 
3940 
3044 
3938 
3933 
3927 

4040 

- 
A 

37405 
37432 
37459 
37487 
37514 
57541 

37568 
37595 
37623 
37650 
37677 

37704 
37732 
87759 
37i86 
37814 

37841 
37869 

37924 
37951 

37979 
38006 
18034 
38061 
38089 

38117 
38144 
38172 
38200 
38227 

38255 

38311 
38338 
38366 

38394 
38422 
38450 
38478 
38506 
38533 
38561 
38589 
38617 
38645 
38674 
38702 
38730 
38758 
38786 
38814 
38842 
38871 
38899 
a92l 
38965 
38984 
39012 
39040 
39069 

37896 

3x283 

6247 

6232 
6225 
6218 
6210 

6203 
6196 
6189 
6131 
6174 

6167 
6160 
6152 
6145 
6138 

6131 
6124 
6116 
6109 
6102 

8095 
6088 
Bow 
6073 
GoF6 

6059 
6052 
6045 
6037 
6030 

6023 
6016 
6CQ9 
6002 
5995 

5987 
5980 
5973 
5966 
6950 
5952 
5945 
5938 
5931 
5924 
5917 
5909 
5802 
6895 
6888 
seal 
5874 
6807 
5880 
5853 
ha6 
5839 
6832 
1 2 5  
5818 

6240 
30103 
30125 
30147 
30169 
30191 
30213 

30235 
30256 
30278 
30300 
30322 

30345 
30367 
30389 
30411 
30433 

30455 
30477 
30499 
30521 
30544 

30566 
30588 
30610 
30632 
30665 

30677 
30699 
30721 
30744 
30766 

30788 
30811 
30833 
30856 
30878 

30900 
30923 
30945 
30963 
30990 
31013 
31035 
31058 
31080 
31103 
31125 
31148 
31170 
31193 
31216 
31238 
31261 
31W4 
31306 
31329 
31352 
31375 
31397 
31420 
31443 

5818 
5811 
Mo4 
5797 
5790 
5783 

6776 
5769 
5762 
6755 
5748 

5741 
5734 
5727 
5720 
6714 

5707 
5700 
5693 
5686 
5679 

5672 
6665 
5658 
5651 
5644 

5638 
5631 
5624 
5617 
5610 

5603 
5596 
5590 
5533 
5575 

5569 
5502 
6555 
5649 
5542 
b535 
6528 
5521 
MI5 
5608 
5501 
6494 
5487 
6481 
5474 
6467 
6460 
6454 
5447 
5440 
5433 
5427 
bazd 
6413 
6406 

5406 
5400 
5393 
5386 
5380 
5373 

5366 
5360 
5353 
5346 
5340 

5333 
5326 
5320 
6313 
5306 

5300 
5293 
5286 
5280 
5213 

5266 
5200 
5253 
5247 
5240 

5233 
5227 
5220 
5214 
5207 

5200 
5194 
5187 
5181 
5174 

5168 
5101 
5155 
5148 
p142 
6135 
5128 
6122 
6115 
5109 
6102 
5096 
5089 
5083 
6076 
6070 
Mw4 
60.57 
6051 
6044 
6038 
603 I 
5025 
6018 
6012 

B A B A B A B 

114°00' 115°00' 119000' 117°00' 116°00' 
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Table 9.-Line of position table-Continued 
ALWAYS TAKE “Z” FROM BOTTOM OF TABLE. EXCEPT WHEN “It” 19 SAME NAME AND 

GREATER THAN LATITUDE. IN WHICH CASE TAKE “2” FROM L m F  TABLE 
- 

- 
60 
59 
58 
57 
50 
55 

54 
53 
52 
51 
50 

49 
48 
47 
46 
45 

44 
43 
42 
41 
40 

30 
38 
37 
36 
35 

34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
1R 
17 
16 
15 
14 
13 
12 
11 
10 
3 
8 
7 
6 
5 
4 
3 
2 
1 
0 
- 

d 

- 

- 
0 
1 
2 
3 
4 
5 

8 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

28 
27 
28 
29 
30 
31 
32 
33 
34 
35 
30 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
IB 
49 
60 
51 
62 
53 
54 
55 
66 
57 
58 
59 
00 - 

- 

66’00’ 67O00’ 68o00’ 69”00‘ 70°00’ 71°00’ 
- 

B 
- 
39069 
39097 
39125 
39154 
39182 
39211 

39239 
39268 
39296 
39326 
39353 

39382 
39411 
39439 
39468 
39491 

39525 
39554 
39583 
39812 
39641 

39669 
39698 
39727 
39756 
39785 

39814 
39843 
39872 
39901 
39930 
39959 
39988 
40017 

40076 
40105 
40134 
40163 
40192 
40222 
40251 
40280 
40310 
40339 
40368 
40398 
40427 
40457 
40486 
40516 
40545 
40575 
40604 
40634 
40664 
40693 
40723 
40753 
40782 
40812 

40046 

___ 
n 

- 
B 
- 
40812 
40842 
40872 
40902 
40931 
40961 

40991 
41021 
41051 
41081 
41111 

41141 
41171 
41201 
41231 
41261 

41291 
41322 
41352 
41382 
41412 

41443 
41473 
41503 
41533 
41564 

41594 
41625 
41655 
41685 
41716 
41746 
41777 
41808 
41838 
41869 
41899 
41930 
41961 
41991 
42022 

42084 
42115 
42145 
42176 
42207 
42238 
42269 
42.300 

42362 
42393 
42424 
42455 
42486 
42518 
42549 
425RO 
42611 
42642 

42053 

42311 

__ 
n 

.__ 

B 
- 

n 
- 
B 

-- 

A 

___ 
A 

- 
A 

- 
A A 

- 
3927 
3921 
391G 
3010 
3903 
3899 

3893 
3888 

3876 
3871 

3865 
3860 
3854 
3849 
3843 

3838 
3832 
3826 
3821 
3815 

3810 
%04 
37m 
3703 
3788 

3782 
3777 
3771 
3766 
3780 
3755 
3749 
3744 
3738 
3733 
3727 
3722 
3716 
3711 
3705 
3700 
3695 
3889 
3684 

1673 
3667 
3662 
3657 
3651 
3646 
3640 
3835 
3630 
3624 
3610 
3613 
3608 
3603 
3597 

3882 

a678 

A 

3597 
3592 
3587 
3581 
3578 
3571 

3.565 
3560 
3555 
3549 
3544 

3539 
3533 
3528 
3523 
3517 

3512 
3507 
3502 
3496 
3491 

3486 
3480 
3475 
3470 
3465 

3459 
3454 
3449 
3444 
3438 
3433 
3428 
3423 
3418 
3412 
3407 
3402 
3397 
3391 
3386 
3381 
3376 
3371 
3366 
3360 
3355 
3350 
3345 
3340 
3335 
3329 
3324 
3319 
3314 
3309 
3304 
3299 
3rJ1 
32x9 
3283 

__ 
A 

3283 
3278 
3273 
3268 
32f3 
3258 

3253 
3248 
3243 
3237 
3233 

3227 
3222 
3217 
321 2 
3207 

3202 
3197 
3192 
3187 
3182 

3177 
3172 
3167 
3162 
3157 

3152 
3147 
3142 
3137 
3132 
3127 
3122 
3117 
3112 
3107 
3102 
3097 
3092 
3 w  
3083 
3078 
3073 
3068 
m. 
3058 
3053 
3048 
3043 
3038 
3033 
3029 
3024 
3019 
3014 
3009 
3004 
2999 
2804 
2900 
2885 

42642 
42674 
42705 
42736 
42768 
42799 

42830 
42862 
42893 
42925 
42956 

42988 
43020 
43051 
43083 
43114 

43146 

43210 
43241 
43273 

43305 
43331 
4.3369 
43400 
43432 

41464 
44496 
4352n 
43560 
43692 
43624 
43657 
43689 
43721 
43763 

43818 
43w 
u882 
43914 
43947 
43979 
44012 
44044 
44077 
44109 
44142 
44174 
44207 
44239 
44272 
44105 
44337 
44370 
44403 
44436 
444M 
44501 
44534 
44567 

43178 

43786 

2985 
2080 
2975 
2970 
2965 
2061 

2958 
2951 
2946 
2941 
2036 

2932 
2927 
2822 
2917 
2013 

2803 
2 m  
2899 
2893 
2889 

2884 
2879 
2874 
2970 
2885 

28M) 
2855 
2851 
2848 
Mu1 
2836 
2832 
2827 
2822 
2818 
2813 
2808 
28w 
2700 
2794 
2780 
2785 
2780 
2775 
2171 
2768 
2761 
2757 
2752 
2748 
2743 
2738 
2134 
2728 
2i24 
2720 
2715 
2711 

2701 
2708 

44567 
44600 
44633 
44666 
44699 
44732 

44765 
44798 
44831 
44864 
44898 

44931 
44964 
44997 
45031 
45064 

45097 
46131 
45164 
46198 
45211 

45265 
45298 
45332 
45365 
45399 

46433 
46466 
45500 
45534 
45567 
45601 
45635 
45669 
45703 
45737 
45771 
45805 
45839 
45875 
45907 
46941 
459i5 
46009 
46043 
46078 
46112 
46146 
46181 
46215 
46249 
46284 
46318 
46353 
463S7 
46422 
464Sfi 
46491 
46525 
46560 
46595 

2701 
2897 
2fi92 
2688 
2883 
2678 

2674 
2669 
2665 
2680 
2650 

2651 
2640 
2M2 
2637 
2633 

2628 
2624 
2619 
2615 
2610 

2806 
2801 
2597 
2502 
2588 

2583 
2570 
2574 
2570 
2565 
2561 
2550 
2552 
2547 
2543 
2539 
2534 
2530 
2525 
2521 
2516 
2512 
2507 
2503 
2489 
2494 

2485 
2481 
2477 
2472 
2468 
2463 
2459 
2455 

2448 
2442 
2137 
2433 

am 

2450 

46595 
46630 
46664 
46699 
46734 
46769 

46804 
46839 
46873 
46908 
46943 

46978 
47014 
47049 
47084 
47119 

47154 
47189 
47225 
47260 
47295 

47331 
47366 
47402 
47437 
47472 

47508 
47544 
47579 
47615 
47650 
47686 
47722 
47758 
47793 
47829 
47865 
47901 
47937 
41973 
48009 
48045 
48081 
48117 
48153 
48189 
41226 
48262 
48298 
48334 
48371 
40407 
48443 
48480 
4AS16 
48553 
48589 
4R626 
48662 
40699 
48736 

2433 
2429 
2424 
2420 
2416 
2411 

2407 
2403 
2398 
2394 
2390 

2335 
2381 
2377 
2R72 
2388 

2364 
2360 
2355 

2347 

2343 
2338 
2334 
2330 
2125 

2321 
2317 
2313 
2309 
2304 
2.100 
2296 
2282 
2287 
2283 
2279 
2275 
2211 
2266 
2262 
2258 
2254 
22.50 
2248 
2241 
2237 
2213 
2229 
2225 
2221 
2210 
2212 
2 m  
2204 
2200 
2106 
2192 
21Un 
2183 
2179 

mi 

45736 
48772 
48809 
48846 
4RR83 
48920 

48957 
48993 
49030 
49067 
49104 

49141 
49179 
49216 
49253 
49290 

49327 
49365 
49402 
49439 
49477 

49514 
49551 
49589 
49626 
49664 

49702 
49739 
49777 
49815 
49852 
49890 
49928 
49966 
50004 
50042 
50080 
50117 
60156 
60194 
50232 
50270 
5030R 

503R5 

50461 

50346 

50423 

50499 
5033s 
50576 
50615 
50653 
50692 

50769 

501146 
50RR5 
50924 
50963 
51002 

50730 
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Table 9.-Line of position table-Continued 
WHEN LHA (E OR W) I S  GREATER THAN 90'. TAKE "K" FROM BOTTOM OF TABLE - 

- 
60 
59 
58 
57 
E6 
55 

54 
53 
52 
51 
60 

2 
41 
46 
15 

U 
43 
42 
41 
40 
39 
38 
31 
36 
36 

34 
38 
32 
31 
80 

28 
28 
27 
26 
25 

24 
23 
22 
21 
20 
19 
I8 
11 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
I 
0 - 

- 

- 

- 
0 
1 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 w 
51 
62 
53 
54 
35 
56 
57 
68 
59 
60 - 

- 

12%0' 13O00' 74000' 1 5 O 0 0 '  16'00' 11~00' 
- 

B 

- 
B 

__ 
53406 
53448 
53489 
53531 
53512 
63614 

53655 
53697 
PI38 
53780 
63822 

53864 
53905 
Q941 
53989 
54031 

54073 
54115 
54161 
54199 
64242 

14284 
64326 
64.368 
64411 
64463 

644% 
64538 
64581 
64623 
64666 

64708 
64761 
64794 
64837 
64880 

64922 
64966 
65008 
55051 
55095 
65138 
55181 
55224 
65261 
65311 
55354 
55391 
65441 
55484 
55528 
65572 
65615 
b5659 
65703 
55146 
55790 
65854 
65878 
55922 
55966 
- 
I3 

- 
B 

- 
B 

- 
B 
- 
61632 
61683 
61134 
61185 
618J6 
61887 

61938 
61989 

62091 
62142 

62194 
62245 
62296 
62348 
62400 

62451 
621103 
62655 
62607 
62669 

62711 
62163 
62815 
62867 
63919 

62911 
63024 
63076 
6Yl29 
63181 

63234 
63281 
63340 
63392 
63445 

63498 
63551 
63605 
63658 
637 11 
63764 
63818 
63811 
63925 
63978 
64032 
64086 
64140 
64194 
64248 
64302 
64366 
64410 
64464 
64518 
64513 
64627 
64682 
64736 
64191 

620411 

- 
B 

__- 

- 
A - 
112s 
1125 
1122 
1119 
1116 
1113 

1110 

1104 
1101 
1099 

logs 
1093 
1090 
1087 
1084 

lop1 
1079 
1076 
1073 
1070 

3087 

IO61 
1059 
1056 

1053 
I050 
1047 
1045 
1042 

1039 
I036 
1033 
1031 

1107 

1064 

lorn 
1025 
1022 Ian 
1011 
1014 
1011 
1008 
loog 
1003 
loo0 
887 
OB5 
882 
I 9  
I 7  
88( 
981 
918 
076 
973 
970 
H68 
065 
962 rm - 
A - 

- 
B 
- 
64191 
64U46 
64901 
64956 
65011 
65066 

65121 
65176 
65231 
65281 
65342 

66398 
65453 
a 0 9  
65564 
65620 

66676 
65132 
65788 
66944 
65900 

65951 
66013 
66069 
66126 
66182 

66239 
66296 
66352 
66409 
66466 

66623 
66580 
66638 
66695 
66162 

66610 
66867 
66926 
66982 
67040 
61098 
67156 
61214 
61272 
67590 
67388 
67441 
67505 
61663 
67622 
67681 
67139 
61798 
67851 
67916 
67976 
68034 
68095 
68153 
68212 - 

B 

- 
A 

- 
A 

- 
A 

- 
A A 

2179 
2155 
2171 
2167 
2163 
2159 

2155 
2151 
2147 
2143 
2138 

2134 
2130 
2126 
2122 
2118 

2114 
2110 
2106 
2102 
2098 

2094 
m90 
#)86 
2082 

2074 
2070 
2066 
2082 
2058 

2054 
2050 
2046 

2038 

2034 
2030 
2026 
2022 
2018 

2010 
2001 
2003 
lW9 
1695 
I991 
19U7 
1983 
1979 
1975 
1971 
1967 
1964 
1960 
19E6 
1952 
1948 
1844 
1940 

2078 

2042 

2014 

- 
A 

51002 
61041 
51080 
51119 
61158 
51197 

51236 
51275 
51314 
51353 
61392 

61432 
61411 
61510 
61550 
61689 

61629 
51668 
61108 
61747 
61787 

11827 
61861 
61906 
61946 
61986 

62066 
52106 
62146 
62186 

52226 
62266 
62306 
62346 
62381 

52427 
52461 
62508 
52548 
52588 
52629 
62610 
52110 
62151 
52791 
52832 
52813 
52914 
62954 
62995 
63036 
63011 
53118 
53159 
63200 
53241 
53285 
63324 
53366 
53406 

62026 

1940 
1930 
1933 
1929 
1925 
1921 

1911 
1913 
1910 
1906 
1902 

lP98 

1887 
1883 

1879 
1875 
1871 
le66 
1864 

1860 
le56 
1853 
1849 
1845 

I841 
1831 
1834 
le30 
1828 

1823 
1819 
1816 
1811 
1808 

1804 
1800 
1796 
1793 
1789 
1785 
1782 
1778 
1774 
1'111 
1767 
1763 
1760 
1150 
1752 
1749 
1745 
1741 
1738 
1134 
$730 
I727 
1723 
1719 
1116 

ie9.i 
i8m 

- 
A 
- 

1710 
1712 
1709 
1705 
I701 
1698 

1694 
1691 
1687 
1883 
1R8u 

1076 
1673 
lM9 

lM2 

1658 
1055 
1651 
1M8 
1644 

1641 
1637 
1634 
1630 
1627 

1623 
I619 
1616 
1612 
1609 

1605 
1002 
1598 
1595 
1591 

1688 
1684 
1581 
1178 
1574 
1511 
1567 
1504 
1560 
1557 
1553 
1550 
1546 
1543 
1540 
1536 
1533 
1.529 
1526 
1523 
1519 
1516 
1512 
1509 
1506 

i r , 5  

- 
A 

55966 
56010 
56054 
66099 
56143 
66181 

56231 
56276 
56320 
66365 
66409 

66454 
56491) 
66543 
566588 
56632 

56677 
66122 
66167 
66812 
-7 

56962 
56947 
66992 
67038 
67083 

67128 
51174 
57219 
61265 
61310 

57366 
61401 
67441 
67493 
51638 

67584 
51630 
61676 
61122 
67168 
67814 
57U60 
57901 
51953 
57999 
58046 
58092 
68138 
58185 
68232 
58278 
58325 
58372 
58418 
58465 
M512 
68559 
68606 
58653 
68100 

1506 
1502 
1469 
1495 
1492 
1489 

1485 
1482 
1479 
1475 
1472 

1469 
1465 
I462 
1459 
1455 

1452 
1449 
1445 
1442 
1439 

1435 
1432 
1429 
1425 
1422 

l 4 l Q  
I416 
1412 
1409 
1406 

1403 
1399 
1396 
1393 

1336 
1383 
1W 
1377 
1373 
1370 
1307 
1364 
1300 
1357 
1354 
1351 
1348 
1344 
1341 
1338 
1335 
1332 
1329 
1325 
1322 
1319 
1316 
1313 
1310 

1380 

58100 
58748 
68195 
68842 
58889 
58937 

68984 
59032 
59079 
59127 
69175 

59222 
59270 
59318 
59366 
59414 

59462 
59510 
59558 
69606 
69664 

59103 
69151 
69800 
59848 
69896 

69945 
19994 
60042 
60091 
60140 

60189 
60238 
60287 
60336 
60385 

60434 
60485 
60538 
60582 
60631 
60681 
60130 
60180 
60830 
60819 
60929 
60919 
61029 
61079 
61129 
61119 
61229 
61ZIY 
61330 
61380 
61430 
61481 
61531 
61582 
61632 

1310 
1308 
1303 
1300 
1291 
1294 

1291 
1288 
1284 

1278 

1275 
I272 
1209 
1266 
1263 

1280 
1257 
1253 
1250 
1247 

1244 
1241 
1238 
3235 
1232 

1m 
12% 
1223 
1220 
1217 

1214 
1211 

1281 

1205 
1202 

1199 
1196 
1193 
1100 
1187 

K8": 
1178 
1175 
1112 
I169 
1164 
11w 
1100 
1157 
1164 
1151 
1148 
1145 
1142 
1139 
1130 
I133 
1130 
1128 

B A 
- 

B A 
- 

B 

104°00' 103°00' 102~00' 106000' 105"00' 107°00' 
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U. S. D E P A R T M E N T  OF AGRICULTURE,  W E A T H E R  BUREAU 

C L O U D  F O R M S  
This chart has been prepared with a Yiew of aiding observers in the identification of the several cloud forms according to the INTERNATIONAL SYSTEM OF CLASSIFICATION of 1932 

An wiition contaiping a largcr niimher of photographs and more detailed descriptions may be obtained from the  Superintendmt of Documentq, Washington, D. C. 

t l  I .  l ‘ i .  I ,. 
2.  Cirrus with a n  irregular arrangement of filaments. 

.- d 
i .  L.&>L S I .  . 

1. Cirrus in  parallel t ra i ls  and  small patches. 
H. T. Floreen. 

3. Cirrocumulus. There is  some cirrus i n  lower r ight  portion of picture. 
.\. J. \\ L I I .  

4. Cirrus, in  upper p a r t  of picture, merging into cirrostratus at bottom 
Some of the  filaments of cirrus have small t u f t s  o r  of picture. 

upturned ends. 
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8. Altocumulus, actire form. 

t 1 1, L t  

7. Lenticular altocumulus. I .  I .  

6. Turreted altocumulus (castel latus)  above and ta l l  cumulus (cnstc 1- 
latzcs) below ( a t  left). 

1 .  \ c 
5. Cirrostratus i n  a thin fibrous sheet, with halo. 
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10. Thin altostratus with fractostratus (or fractocnmulus) below. 
‘ < . C . L  , 

9. Altocumulus, laminated form resulting from degeneration of cloud 
sheet. 

12. Stratocumulus, photographed from a n  altitude of 1,750 meters. TO 
an observer at sea level they mould be higher and appear  smaller and  
perhaps be called altocumulus. 

11. Altostratus, with thin altocumulus at a lower level. 
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* e  
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16. Cumulus of f a i r  weather. 

”-I- - 
5 .  i 1 

14. Stratus, in a uniform sheet below the  level of the hilltop, with shreds 
of f ractostratus  along the hillside. 

J. C. Hasan. 

13. Nimbostratus, with fractocumulus roll near  horizon. J I 

13. Stratocumulus, i r regular  rolls. 

x 

. , L 

18. Cumulonimbus. 
j t ,  J .  !. 1 .  j _  _. 

20. Cumulonimbus mammatus. 19. Cumulonimbus. 

17. Cumulus and cumulonimbus. The large cloud has  jus t  gro\%n into 
cumulonimbus. 

The following definitions are derived from t h e  “International Atlas of Clouds and of States of the 
Sky, 1932.” The international abbreviations are given i n  parentheses a f te r  the cloud names, followed 
by numbers which refer  to  the  illustrations: 

Cirrus (Ci) 1, 2, 4.-Detaclzed clouds of delicate and fibrous appearance, usually without shading, 
generally whi te  in color, and o f t en  of a s i lky  uppearanee. Cirrus appears in  the most varied forms, such 
as isolated tuf ts ,  lines drawn across a blue sky, branching featherlike plumes, curved lines ending i n  
tufts, etc. Cirrus  is often arranged in  bands which cross the sky and, owing to perspective, converge 
toward opposite points on horizon. Cirrus clouds a r e  composed of ice crystals. Except when unusually 
dense, they are transparent and, as  a rule, when they cross the sun’s disc they hardly diminish i t s  
brightness. 

Cirrocumulus (Cc) 3.-A cirr i form layer or  patch o f  whi te  f lakes,  or of globular masses, usually v e r y  
small and without shadows. The cloudlets are arraqqed in groups or lines, o r  more often in  ripples 
resembling those of the  sand on the seashore. Cirrocumulus can usually be differentiated from small 
altocumulus by the association of fir?e altocumulus with larger  cloudlets elsewhere i n  the same layer, by 
the  slightly more grayish appearance of altocumulus, and by the connectim of cirrocumulus with cirrus or 
cirrostratus. 

Cirrostratus (CS) 4, 5.-A thin, whit ish veil which does not blur the outlines of the s u n  or moon but  
usual ly  gives rtse to halos. Sometimes i t  is quite diffuse and merely giv.-s the  sky a milky aspect; some- 
times i t  more o r  less distinctly shows a fibrous s t ructure  with disorderr?d filaments. During the day, 
when the  sun is  sufficiently high above the horizon, the sheet is  never thick enough to  prevent shadows 
of objects on the  ground. 

Altocumulus (Ac) 6, 7 ,  8, 9.-4 layer ( o r  patches)  composed of laminae or nearly globular masses. 
The smallest elements of the regularly arranged uni ts  may be fair ly  small and thin, with o r  without 
shading. These elements a r e  arranged in  groups, lines or  waves, following one or two directions, and 
a r e  sometimes so close together tha t  their  edges join. The thin and translucent edges often show irisa- 
tions, which are rather  characteristic of altocumulus. A cloud sheet ah ich  is continuous, at least over 
the greater  p a r t  of the layer, and consists of dark  and  more o r  less irregular elements, with sharp relief 
.on the under surface of the sheet, is classed as altocumulus rather  than  altostratus. 

Small cumuliform clouds with vertical development, arranged in a line and resting on a common 
horizontal base, which gives them a crenellated appearance, are called castellatus (pl. 6).  Clouds of 
a n  ovoid shape, produced by the arching upward of a humid layer, usually caused by a mountain or by 
obstructing a i r  ( a s  in  a convectional column), are named lenticularis (pl. 7). 

Altostratus (As)  10, 11.--it striated,  fibrous, or smooth veil, more or less g ray  or bluish in color like 
thick cirrostratus but without halo phenomena; the sun or moon usually shows t.aguely w i t h  a faint  
gleam as through ground glass. Sometimes, hornever, i t  i s  very thick and dark, even completely hiding 
the sun o r  moon. The differences of thickness ma!. cause relatively light patches between very dark 
parts, but the  under surface never shows sharp relief, although there is usually a striated or fibrous 
s t ructure  i n  places and occasionally a mammillated appearance. 

Stratocumulus (Sc) 12, 13.-A lawr  (or  patcltes) composed o f  laminae, globular masses or rolls; 
t he  smallest of the regidar114 arranged elements arp fairli j  large; t hey  are soft  and gray  w i t h  darker 
parts;  also, a lozc, continuous slieet, tliick o r  thin,  w i th  distinct irregularities of large size. The elements 
a r e  arranged in groups, lines o r  waves, aligned in one or two directions. Very often the  rolls a r e  so 
close that their edges join; when they cover the whole sky, they may have a wavy zppearance. Strata- 
cumulus is  distinguished from altocumulus by t h e  criterion tha t  the cloud is altocumulus if the smallest, 
\\yell defined and regularly arranged elements (1eal;ing out  the detached elements, which a r e  generally 
Seen on the edges) tire not greater  than 10 solar diameters in their smallest diameters, i. e., approxi- 
mately the width of three fingers when the a r m  is held extended. 

Stratus  (S t )  14.-,1 low,  u n i f o r m  layer of cloud, resembling f o g ,  but no t  resting on  tlze ground. When 
this  very low layer is  broken up  into irregular shreds i t  i s  designated fractostratus (Fs). Stratus  is 
often a local cloud, and when i t  breaks up the  blue sky is seen. A veil of t rue s t ra tus  generally gives 
the sky a hazy appearance, which is very charactvistic. Etain from s t ra tus  clouds is  in  the form of a 
drizzle, t h a t  is, small drops very close together. When there is no precipitation, s t ra tus  shows some con- 
trasts and some lighter transparent parts. 

Nimbostratus (Ns )  lS.-A low, amorphous, ?*%&i nearly un i form,  ra iny  layer of a dark-gray color, 
feebly  illuminated, seemingly f r o m  the inside. \\‘hen i t  gives precipitation i t  is usual!y in  the form of 
continuous rain o r  snow. Precipitation alone is not a Sufficient criterion to  distinguish the  cloud, which 

Y. 5. COYCRNMEWT PRlhTlNG O l l l C L  + X 4 S  

should be called nimbostratus, even when no rain or  snow fal ls  from it. The usual evolution is  as fol- 
1 0 ~ s :  A layer of altostratus grows thicker and lower (sometimes assuming a hazy, ragged aspect) 
until i t  becomes a layer of nimbostratus. Beneaththe layer there i s  generally a progressive develop- 
ment of very low, ragged clouds, isolated at first, then fusing together into an almost continuous layer. 
These low clouds are called fractostratus or  fractocumulus. 

Cumulus (Cu) 6, 16, 17.-Thick clouds with wr t i ca l  development; tlze upper surface is  dome-shaped 
and exhibits rounded protuberances, while the base is nearly horizontal. When the cloud is opposite the 
sun the surfaces normal to  the observer are brighter than the  edges of the protuberances. When the 
light comes from the side, the cloud exhibits strong contrasts of light and shafie; against the  sun, on the 
other hand, they look dark with a bright edge. True cumulus is definitely limited above and below; its 
surface often appears hard and clear-cut. But  one may also observe ragged cumulus in which the dif- 
ferent par ts  show constant change. This cloud is desig2ated fractocurnulus (Fc) .  Cumulus, whose base 
is  generally of a gray  color, has  a uniform structure, t h a t  is, composed of rounded parts r ight  up to  its 
summit with no fibrous structure. Even when large, cumulus usually produces only light precipitation. 

Cumulonimbus (Cb) 17, 18, 13, 20.-Heazy masses of clouds, w i t h  great vertical development, whose 
cumuliform summits  rise in the f o r m  of mozcntains or t o w e r s ,  the u p p w  par t  lcnving rc. fibrous texture 
and o f t en  syearl ing out  in the shane of an, anvil. Cumulonimbus clouds generally pi-oduce showers of 
rain or  snow and sometimes of hail, and often thunderstorms as well. Masses of cumulus, however 
heavy they may be and  however grea t  their vertical development, should not be classed as cumulo- 
nimbus unless the whole, or a par t  of their tops, is transformed or is  in the process of transformation 
into a cirrus mass. When a quick, heavy shower occurs i t  may be assumed tha t  the  cloud is cumulo- 
nimbus, even though low clouds may hide the fibrous summit. 

A mammillated structure often appears in  cumulonimbus, either quiescent on the  lower surface of 
the lateral p a r t s  of the  anvil (pl. 20),  or boiling under the low storm collar jus t  a f t e r  the squall arrives 
and before the  shower begins. 


